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ERRATA 

The following bits of error and misinformation accidently made 
its way into the user manual for The Auto-Board System and some of 
the files on the diskettes. We are sorry for any inconvenience 
that these errors have caused. Luckily, all of them are easy to 
fix. See the READ-ME files on the distribution diskettes for 
further information about changes to the programs. 

1. The chapter on installation (Chapter 2) fails to instruct you 
to copy some attribute template files from the distribution 
diskettes . 

From the LAYOUT disk, copy LAYOUT . TXT to the layout sub- 
directory. With the LAYOUT disk in the floppy drive (A:), enter: 

copy a: layout.txt c : \layout\* . * 

And the same for the SCHEMA.TXT. Put the SCHEMA PROGRAM disk into 
the floppy drive (A:) and enter: 

copy a : schema . txt c : \schema\* . * ^ 

2. In the installation chapter (Chapter 2), there is a quick, off- 
to-the-side discussion of the PROMPT command. The example shown is 
wrong. (Not fixed on update disk, naturally) It appears as: 

prompt %p%g 

It -should read: 

prompt $p$g 

3. And, once again in Chapter 2, there are some typos in setting 
the environment. The arguments to the SET command should not 
contain any spaces. The example looks good, but does not work. 

Change: SET SOFTWEST = C:\SOFTWEST 

to read SET SOFTWEST=\SOFTWEST 

We have also found difficulties when the C: is in that line. It is 
just easier to leave it out. 



4. It is possible to get the message: NULL POINTER ASSIGNMENT from 
ATTCNV and ARRAY (perhaps others) . This is caused by a shortage of 
files which are available from the operating system. To cure the 
problem, place the following line in the CONFIG.SYS file in the 
root directory of your DOS disk (usually the hard disk, C:): 

FILES=10 



Change the line if the number of files requested is less than 10. 
Add the line if it is not there. Add the file with this line if 
CONFIG.SYS does not exist. CONFIG.SYS MUST BE THE NAME OF THIS 
FILE. You will have to re-boot for this change to take effect. 

5. One of these days, we'll get all of the dumb typos out of the 
data files, too. The source records for the netlist database are 
in a file called NETLIB. LIB. In this file you will find the 
offsets of the pins (actually targets for routing) of the various 
devices. I must have been looking at the bottom of too many things 
because the offsets for the DB25 and DB9 connectors are reversed. 

a. Edit the NETLIB. LIB file 

b. Change DB9P to DB9S (line 471) 

c. Change DB9S to DB9P (line 482) 

d. Change DB25P to DB25S (line 493) 

e. Change DB25S to DB25P (line 520) 

f. Save the edited file 

g. Re-build the database by entering: 



BILDLIB NETLIB 



You will get a line from the program about resetting a number in a 
directory. Ignore it. 

6. On page 7-6, there is an example of a script file for adding 
parts to the layout library. The third line starts with the word: 



MARKER 



change it to: 

PREFIX 



Once again, we are sorry for any inconvenience that these errors 
may have caused. We thank those who helped by pointing them out to 
us. 



Best Regards, 



Dennis Jump 



The Auto-Board System 

A Computer Aided Design Tool 
for 

Printed Circuit Layout and Routing 
User's Guide 



The Great Soft Western Co., Inc. 



Copyright (C) 1985 — The Great SoftWestern Co., Inc. 
All Rights Reserved 



This publication, or parts thereof, may not be reproduced in any form, by any 
method, for any purpose. The Great SoftWestern Co., Inc. makes no warranty, 
either expressed or implied, including but not limited to any implied 
warranties of merchantability or fitness for a particular purpose, regarding 
these materials and makes such materials available solely on an "as-is" basis. 
In no event shall The Great SoftWestern Co., Inc. be liable to anyone for 
special, collateral, incidental, or consequential damages in connection with or 
arising out of purchase or use of these materials. The sole and exclusive 
liability to The Great SoftWestern Co., Inc., regardless of the form of action, 
shall not exceed the purchase price of the materials described herein. 

For condition of use and permission to use these materials for publication in 
other than the English language, contact The Great SoftWestern Co., Inc. 

The Great SoftWestern Co., Inc. reserves the right to revise and improve its 
products as it sees fit. This publication describes the state of this product 
at the time of its publication, and may not reflect the product at all times in 
the future. This manual was prepared and published in November, 1985, and is 
based on Version 1.3 of The Auto-Board System. 

IBM and PC-DOS are registered trademarks of International Business Machines 
Corporation. MS-DOS is a trademark of Microsoft Corporation. AutoCAD is a 
trademark of Autodesk, Inc. 



Preface 



The Auto-Board System program is a computer aided design (CAD) tool to assist 
the electronic engineer or technician in the design, layout and construction 
of printed circuit boards (PCB). Unlike some printed circuit CAD systems 
which require the speed and resources of the mainframe computer, The Auto-Board 
System is designed to run on a microcomputer. This makes the PCB workstation 
concept available to individual engineers and technicians at a reasonable cost 
whether they are using a microcomputer at their desk in a large corporation 
or at home as an independent consulting engineer. The Auto-Board System is 
capable of performing the following operations. 

o Capture of schematic elements for AutoCad drawing 

o Layout of components on PCB (50 mil centers) 

o Reading a net list of component connections 

o Insertion of custom components on PCB 

o Use of arrays of integrated circuits 

o Route the resulting circuit on a two layer board 

o Optimize the circuit for the elimination of VIAs 

o Produce a silkscreen layer 

o Produce a pad -master layer 

o Produce a rat's nest layer of missed traces 

We would be kidding ourselves to suspect that The Auto-Board System could 
produce a perfect PCB layout and complete circuit with every application. 
We're told that a mainframe system is considered good if it can produce 
80 percent of a circuit board. With that in mind, the output of The Auto- 
Board System is in the form of commands to the AutoCAD (trademark of Autodesk, 
Inc.) mechanical drafting system. The mechanical drafting program provides 



several facilities for the design engineer or technician, such as: 

o Movement of traces to allow insertion of "missed" traces 
o Optimization of traces 
o Production of check plots 

o Insertion of text, trademarks, targets, special symbols 
o Insertion of filled pads for final plotting 

This user's guide documents all of the functions of The Auto- Board System 
Version 1.3. However, the system is quite modular and not all of the functions 
are required to produce a completed printed circuit. This guide describes 
several of the support tools that are also available with The Auto-Board 
System to make the task of designing easier. To the best of our knowledge, 
there are no known "disastrous" bugs in the software. However, it is an known 
fact that software takes on the personality of the author and certain things 
will work in a fashion that is comfortable for the author. We want to hear from 
you with any information about The Auto-Board System that you feel is 
important. We certainly want to know about program bugs, inconvenient 
conventions and/or rough spots. 

Write to us at: 

The Great SoftWestern Co., Inc. 
207 W. Hickory St. #309 
Denton, Tx. 76201 

or call at (817) 383-4434. 

We'll also read letters of praise. 

Dennis N. Jump 
President 



The Auto-Router Specifications 



The "star" program in The Auto-Board System is the automatic trace router which 
is responsible for the physical connecting of the pcb points. Its output is a 
stream of ASCII instructions to AutoCAD (ACAD) which is known as a SCRIPT file. 
The AutoCAD insert instruction is used to retrieve component templates from 
the library of .DWG drawings that are supplied with the system. The user has a 
choice in the form of the traces that the router will produce. Through 
"switches" you can choose line, trace or polyline forms of lines to draw 
traces. The line is the zero-width trace. The trace and pline widths will 
follow the width that is defined at the outset of the router program. The 
default width is 15 mils. 

To keep certain portions of the drawing separated, the AutoCAD layers are used 
extensively. The router will define the following layers: 

PADS 
SILK 

RATSNEST 

SOLDER 

COMPONENT 

The Auto-Router is capable of handling the following volume of information: 

1000+ individual components 

40 Bus Definitions 

Unlimited I.C. Arrays 

1000+ Pins using the same signal 

4500 Trace Segments. 

The Auto-Router is written entirely in 'C* with some direct access to the MS- 
DOS operating system. The routing algorithm was developed on a NEC APC with the 
graphics (7220 Graphic Processor) card with 1024 X 1024 resolution. This 
allowed us to see the action of the router in real-time. To hide the exact 
gyrations of the algorithm, the plotting has been moved to the processor RAM. 



It is also quite a bit (factor of 10) faster in RAM instead of working through 
the 7220 calling sequences. The NEC APC version of The Auto-Router still uses 
the graphics board and it displays the individual trace when that particular 
route is finished. 

To use The Auto-Router with the IBM PC or other compatible microcomputer, you 
will need 640K of memory. Any other fancy equipment (color board, monitor, hard 
disk or floppy drives) that you might need would also be necessary to use the 
AutoCAD system. 

The router is capable of working on a 24" by 20" board with this 640K. For 
every 32K less RAM, the Y-axis of the board drops by 1.5". 

User Guide Overview 

This user guide provides information about the working details of The Auto- 
Board System. To get the full value from your system, you should be familiar 
with the use of AutoCAD and some of the features of the MS-DOS operating 
system. This manual cannot hope to be a tutorial for those products. These 
software products have several reference texts available (especially MS-DOS). 
Please refer to them for further information. 

The Auto- Board System User Guide covers the following information: 

Chapter 1 is a general overview of the system, its capabilities and its 
relationship to the AutoCAD system. 

Chapter 2 is the installation chapter. The emphasis of this chapter is getting 
the files of the distribution diskettes installed on the hard disk of your 
system in an organized manner. This chapter deals with the use of MS-DOS 
commands. This chapter will also cover the MS-DOS environment initialization. 

Chapter 3 deals with the use of the SCHEMA package. This is divided into three 
parts. First, the use of the SCHEMA symbol library and AutoCAD to create a 
schematic drawing is explained. The second part is an overview of the SCHEMA 
software. And, finally, there is a section about using batch files to help in 
the creation of netlists from the schematic. 



Chapter 4 covers the use of the LAYOUT package. Following the outline of the 
third chapter, this chapter also explains the role of AutoCAD and the LAYOUT 
library to place the components of the electronic circuit, the function of the 
LAYOUT program and the creation of batch files to aid you in running the 
system. 

Chapter 5 is about the ROUTER system. This chapter deals with the software with 
which you come in contact. These programs are: NET and ROUTE. There are 
several programs in the package. However, the batch files control their 
execution and you will hardly ever have to pay any attention to them. Appendix 
B contains information about the intermediate files. This chapter also deals 
with the batch streams used in running The Auto-Router. 

Chapters 6, 7 and 8 are involved with the creation of new symbols and parts and 
their addition to their respective databases. 

Chapter 6 details the creation of SCHEMA symbols. 

Chapter 7 covers LAYOUT and ROUTER part definitions. 

Chapter 8 covers to use of the BILDLIB program to build new databases or 

update existing ones. 

Chapter 9 will be used as a chapter for techniques used to get the most out of 
the system. Use this chapter as a place to store ideas, exchange ideas with 
others and save any notes that we may send out. (Intentions are great, but it 
is difficult to promise newsletters, etc. for the future). 

Appendix A is a complete definition of the netlist language. 

Appendix B is a review of the intermediate programs found in the ROUTER. 

Appendix C is a list of current library parts in SCHEMA. 

Appendix D is a list of current library parts in LAYOUT and ROUTER. 
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Update Policies 



The Great SoftWestern Company is continuously working on major and minor 
enhancements and upgrades to its products. These newer versions will be made 
available at regular intervals (sooner if necessary). 

The first level of update will involve the correction of errors, user 
inconveniences and small program changes. Small program changes involve the 
inclusion of helpful changes, speed improvements and minor "design rule" 
modifications. For instance, one of the "design rules" being considered is the 
exclusion of VIAS under integrated circuits. Updates for this level will be 
announced through user newsletters and mailings to registered owners of The 
Auto-Board System. By returning your original program diskette and a reasonable 
shipping and handling fee, we will update your program. Feedback from you will 
help in deciding upon what modifications are desirable. 

The larger update will be the introduction of a related product. In the works 
is a surface-mounted device / multi-layer router. With this news, you can do 
one of two things: 

1. Save your money and wait for the newer product (1st Qtr 1986). 2. Use the 
existing product until the newer version is ready. 

To aid in your decision, here is the product update policy. When you purchase 
one of the systems, later versions will be made available to you at the 
difference in price between the newer version and the original price. 

This applies only to registered users. 
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Chapter 1 

INTRODUCTION TO THE AUTO-BOARD SYSTEM 

PROGRAM OVERVIEW 

The Auto-Board System is a package of software tools and AutoCAD interfaces to 
aid the electronic designer with the production of two-sided printed circuit 
boards. The system consists of three major software products: 

SCHEMA -- Schematic capture and netlist generator 
LAYOUT — Parts placement on the circuit board 
ROUTER -- Auto-routing of the captured design. 

Each software product handles the one of the phases of circuit 
development. The Auto-Board System is matched to AutoCAD which is a major 
micro-computer based CAD system. AutoCAD is the basis for all human 
interactions with the computer. 

SCHEMA as the user sees it, is a set of schematic symbols and AutoCAD menus 
This library of drawings provides the designer with a standard group of symbols 
that can be manipulated with AutoCAD to produce a complete definition of a 
circuit. This library of symbols may be expanded to include custom parts that 
the user may have or encounter. This expansion is explained in a later 
chapter. 

To the Auto-Board System, SCHEMA is more than a series of symbols. This 
software package is designed so that a netlist of the schematic can be 
generated from the files that are written by AutoCAD. The symbols of the 
schematic library have been formed to convey information to the 
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SCHEMA software through the use of attributes and layer provisions of 
AutoCAD. The netlist that is produced by SCHEMA is 100% compatible with The 
Auto-Router. 

LAYOUT also as seen by the user, is a set of silkscreen and pad master 
drawings of various electronic devices and a AutoCAD menu. With the menu, you 
can pick and place the parts that you will be using on the printed circuit 
board. There are provisions to layout the outline of the board itself, declare 
"masked" areas and define guard fences to partially protect areas of the board. 

To the Auto-Board System, the LAYOUT software provides part definition and 
location information to The Auto-Router. This data is directly readable by the 
routing package. 

ROUTER is a series of programs aiding the routing of printed circuit boards. 
The entire system is composed of translation, transformation and routing 
programs, plus a set of AutoCAD drawing files for insertion into the final 
drawing. The drawings are a silkscreen and pad master representations of the 
parts on the printed circuit board. 

AutoCAD — A Graphics Editor 

It" was noted that a board of any complexity would probably present some 
problems for an automated pcb router. That is to say, the router may fail on 
occasion and be unable to complete a trace. To present a viable product, it was 
decided that a graphics editor would be required as a part of the system. A 
great deal of work went into the planning and implementation of the router 
itself; to tackle another giant program would have made the product available 
at a much later time. In place of a custom graphics editor, we felt that an 
interface to one of the existing mechanical drawing programs would be more 
suitable. Therefore, the input and output of The Auto-Board System is 
compatible with AutoCAD 2.1+. 
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Chapter 2 



INSTALLATION 



This chapter covers the installation of the programs, library drawings and 
support files of The Auto-Board System. You can think of this chapter as the 
chapter that deals with the interface of The Auto-Board System with the MS-DOS 
operating system (that's redundant). Besides copying the files of the system to 
your hardware in an organized manner, there will be a discussion about setting 
up the DOS environment section so that AutoCAD and Auto-Board can be used in 
the most flexible possible way. 



The files that are required to run The Auto-Board System are found in diskette 
groups, representing the major software packages of the system. Further listing 
of the library contents (names of parts) can be found in Appendices C and D. 



There are three diskettes in the SCHEMA package. If you purchased addition 
libraries (TTL, CMOS, et.al.), then there may be extra diskettes with this 
package. The contents of these diskettes are: 



CONTENTS OF DISKETTES 



SCHEMA 



SCHEMA - Program Disk 
Programs 



ATTCNV.EXE 
NETGEN.EXE 



DXFCNV.EXE 
BILDLIB.EXE 



Database 



GENERIC.DTA 
GENERIC. LIB 



GENERIC.IDX 
SOFTWEST.DIR 



2 
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Miscellaneous 

SCHEMA.BAT SCHEMA. MNU 

SCHEMA — Generic 1 

Script files for defining schematic symbols 
Drawing files of schematic symbols 

SCHEMA — Generic 2 

Script files for defining schematic symbols 
Drawing files of schematic symbols 



LAYOUT 



There is a single diskette in the LAYOUT package. Most of this package is in 
the form of drawings to be placed on the board as they are to appear in the 
final artwork. 



LAYOUT — Program Disk 
Program 

LAYOUT.EXE 
Drawing 

Drawing files of parts 

Script files to generate the part drawings 
Miscellaneous 

LAYOUT.BAT LAYOUT.MNU 



ROUTER 



The Auto-Router package is located on two distribution diskettes. 

ROUTER — Program Disk 
Programs 

NET.EXE 
ARRAY.EXE 
EDGECONB.EXE 
HEADERA.EXE 
HEADERC.EXE 
GROUP.EXE 
PREROUTE.EXE 
BILDLIB.EXE 
Miscellaneous 
RTE.BAT 

ROUTER — Drawing Disk 
Database 

NETLIB.DTA NETLIB.IDX 

NETLIB.LIB 
Script files for defining components 
Drawing files of components 



BUS.EXE 
EDGECONA.EXE 
EDGECONC.EXE 
HEADERB.EXE 
SIGSORT.EXE 
SCREEN.EXE 
ROUTE.EXE 



RAT.BAT 
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INSTALLATION OF PROGRAMS 



The diskettes in The Auto-Board System are NOT copy protected (yet!). It is 
therefore an excellent idea to make backup copies of the distribution diskettes 
for archival purposes. The software of The Auto-Board System is copyright 
protected. Copies of the diskette's contents are for archival purposes only and 
not for distribution or sale. 

Creating Room for the System 

The following installation instructions assume the use of a hard disk for the 
storage of programs and supporting files. It also assumes that the hard disk 
will be called "C". If your system does not have a hard disk, you are going to 
have a very rough time. There are too many drawing files to be juggled on a 
floppy disk system and still keep your sanity. If your system has a hard disk, 
but it is not "C", kindly substitute the designator name ("E:", for instance) 
with which you are familiar in place of our use of "C:". 

One other assumption will be made in this user's guide; the AutoCAD program 
will be resident in the C:\ACAD directory. This is the most popular name for 
the directory, but we have seen: "C:\ACAD.217", "C:\ACAD2", "C:\ACAD2.17B" and 
several others. Please adjust your reading to fit your installation. 

In the installation procedure that follows, we will be taking advantage of 
several features of the MS-DOS operating system and the later versions (2.1+) 
of AutoCAD. The major concern is to keep the parts of the system in task- 
related modules (residing in sub-directories). To this end, we will be putting 
the various library groups into separate sub-directories and the software in 
another. 

The first thing that we will do is set up the directory structure for 
organizing the programs and drawing libraries. We will be placing the major 
libraries into separate directories and the software from all of the products 
into a single directory. If you do not own all of the pieces to The Auto-Board 
System, skip over the portions that do you pertain to your installation. 



Okay, here we go. 



I. Do whatever is necessary to get to a C> (or equivalent) prompt. On some 
systems, this may mean leaving ACAD which is started when you turn on the 
machine. 



Speaking of prompts, the use of the PROMPT command in MS-DOS can be very handy. 
It tailors the command prompt C> to your needs. By entering: 



the prompt will include the current directory behind the M >" symbol. For 
example: 

C:\ACAD> 

2. Get back to the root directory. Enter 

C>CD \ 

3. Build the directories for libraries and software: 



PROMPT 




>g 



OMKDIR SCHEMA 



OMKDIR LAYOUT 



OMKDIR ROUTER 



C>MKDIR SOFTWEST 



4. Continue with the installation of the directories that concern you. 
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INSTALLING SCHEMA 



The program, database and drawing files for the SCHEMA system are contained on 
three floppy diskettes. All are marked with "SCHEMA". The installation process 
will be to put the necessary program files into the SOFTWEST directory and the 
drawings into the SCHEMA library directory. The three diskettes which make up 
the SCHEMA package are: 

1. The master program diskette 

2. Generic drawing diskette #1 

3. Generic drawing diskette #2 

One of the features of The Auto-Board System is the source code (SCRIPT files) 
for all of the library parts and symbols is always included with the drawing 
library. This allows you to make small corrections or changes to any of the 
drawings to suit your needs. They also provide a template for inventing your 
own symbols. For the moment, we won't be copying the script files to the 
library directory. They will only take up room. 

If you have disks with other SCHEMA compatible drawings, the following steps 
will apply equally. 

Installing the Program Files 

The directories for program installation were covered in the previous section. 
The following steps should be followed for installing the SCHEMA diskettes. 

5. Put the SCHEMA PROGRAM diskette into floppy drive "A:". 
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6. Set the current directory to the program directory. 



C>cd \softwest 

7. Copy the programs and batch files from the diskette to the hard disk. 

C:\SOFTWEST>copy a:*.exe J 
C:\SOFTWEST>copy a:*.bat / 

8. Copy the database elements to the hard disk. 

C:\SOFTWEST>copy ^generic * J 
C:\SOFTWEST>copy asoftwest.dir ^ 

9. Copy any other extraneous database elements that may be on the distribution 
diskette. For instance, 

C:\SOFTWEST>copy a.1tl* 

10. Set the current directory to the library directory. 

C>cd \schema 

11. Leave the SCHEMA PROGRAM disk in the floppy drive. 

Installing the Drawing Library 

The large number of library components of the SCHEMA system dictates that they 
reside in a separate directory on the hard disk. For this reason, it is 
recommended (practically required) that your version of AutoCAD be at least 
2.1 (or older). Installation of the drawing library is similar to the 
installation of the program directory. The following sequence of commands will 
lead to the successful installation of your library. 

12. Make sure that the SCHEMA PROGRAM disk is still in the floppy drive. We 
need to get the menu and start-up script into the new directory. This could 



done later, but why bother with floppy swapping when the disk is so 
convenient? 

C:\SCHEMA>copy a:schema.mnu ^ 
C:\SCHEM A>copy arschema^cr ✓ 

13. Put the GENERIC 1 disk into floppy drive A:. Copy the drawings to the 
hard disk. 

C:\SCHEMA>copy a.-*.dwg ^ 

14. And the same for the GENERIC 2 disk ... 

C\SCHEMA>copy a:*.dwg 

15. Repeat for other library diskettes that you might have. 
This concludes the installation of the SCHEMA drawing library. 

INSTALLING LAYOUT 

The program and drawing files for the LAYOUT system are contained on a single 
floppy diskette. This one is clearly marked as "LAYOUT". The installation 
process will be to put the necessary program files into the SOFTWEST directory 
and the drawings into the LAYOUT library directory. 

Installing the Program Files 

The directories for program installation were covered in the previous section. 
The following steps should be followed for installing the LAYOUT diskette. 



\ 
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16. Put the LAYOUT diskette into floppy drive "A:". 



17. Set the current directory to the program directory. 

C>cd \softwest 

18. Copy the programs and batch files from the diskette to the hard disk. 

C:\SOFTWEST>copy a:*.exe u 
C:\SOFTWEST>copy a:*.batV 

19. Set the current directory to the library directory. 

C:\SOFTWEST>cd \layout 

20. Leave the LAYOUT disk in the floppy drive. 

Installing the Drawing Library 

The large number of library components of the LAYOUT system dictates that they 
reside in a separate directory on the hard disk. For this reason, it is 
recommended (practically required) that your version of AutoCAD be at least 
-2.1 (or older). Installation of the drawing library is similar to the 
installation of the program directory. The following sequence of commands will 
lead to the successful installation of your library. 

21. Make sure that the LAYOUT disk is still in the floppy drive. 



J 
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22. Copy the menu and start-up batch files to the LAYOUT directory. 

C:\LA YOUT>copy azlayouLmnu * 
C:\LA YOUT>copy a:layout.scr >S 

23. Copy the drawings on the floppy drive into the library directory. 

C:\LA YOUT>copy a:*.dwg J 
This concludes the installation of the LAYOUT drawing library. 



INSTALLING THE ROUTER 



The program, database and drawing files for The Auto-Router system are 
contained on two floppy diskettes. All are marked with "Auto-Router". The 
installation process will be to put the necessary program files into the 
SOFTWEST directory and the drawings into the ROUTER library directory. The two 
diskettes which make up the ROUTER package are: 

1. The master program diskette 

2. Drawing diskette 

Once again, the source code (SCRIPT files) for all of the library parts and 
symbols is included with the drawing library. This allows you to make small 
corrections or changes to any of the drawings to suit your needs. They also 
provide a template for inventing your own symbols. 

If you have disks with other ROUTER compatible drawings, the following steps 
will apply equally. 

Installing the Program Files 

The directories for program installation were covered in the previous section. 
The following steps should be followed for installing the ROUTER diskettes. 

24. Put the AUTO- ROUTER PROGRAM diskette into floppy drive "A". 

25. Set the current directory to the program directory. 

C>cd \softwest 
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26. Copy the programs and batch files from the diskette to the hard disk. 

C:\SOFTWEST>copy a.-*.exe S 
C:\SOFTWEST>copy a.-*.bat y 

Installing the Drawing Library 

The large number of library components of The Auto-Router system dictates that 
they reside in a separate directory on the hard disk. For this reason, it is 
recommended (practically required) that your version of AutoCAD be at least 
2.1 (or older). Installation of the drawing library is similar to the 
installation of the program directory. The following sequence of commands will 
lead to the successful installation of your library. 

27. Put the AUTO- ROUTER DRAWING disk into floppy drive A:. 

28. Copy the netlist database elements to the hard disk. 

C:\SOFTWEST>copy ametlib * i/ 

29. Set the current directory to the library directory. 

C:\SOFTWEST>cd \router 

30. Copy the library drawings onto the hard disk directory. 

C:\ROUTER>copy a.-* dwg ^ 

31. Repeat for other library diskettes that you might have. 

This concludes the installation of the ROUTER drawing library. 

Now you have a decision to make. We scoured the documentation looking for a 
standard in numbering edge connector and header pins. We didn't find one. 
However, three methods were dominate. 
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1. Method A continued to number the pins UP the other side in a manner 
identical to IC numbering. (Hairpin method) 

2. Method B started numbering at the top again and numbered DOWN again. 
Variations of this method included numbering both sides the SAME except for a 
left and right prefix to denote the side of the connector. (Parallel method) 

3. Method C is completely different. In this method, the odd numbered pins 
comprise one row of pins while the even numbered (odd number + 1) pin is the 
corresponding pin in the adjacent row. (Zig-zag method) 

Your decision involves deciding which method you prefer to use. Or which method 
a project demands. On the distribution diskette are two sets of programs that 
require this decision, the edge connector programs and the header programs. 
Currently, they are marked as 

EDGECONA and HEADERA for Method A 
EDGECONB and HEADERB for Method B 
EDGECONC and HEADERC for Method C 

When you have decided which version to use, you can do several things. Three 
logical choices would be to: 

1. Rename the selected programs to become: 

EDGECON V 
HEADER * 
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as they will be referenced in the batch file. 

2. Change the batch file to agree with the selected program. 

3. Create a batch file for each combination that you think that 
you will be using. 
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Setting Up the MS-DOS Environment 



One of the benefits of AutoCAD 2 Ax is its ability to run correctly even though 
the AutoCAD program is not in the current directory. Further extensions allow 
secondary libraries (neither in the current directory nor in the AutoCAD 
directory) to be searched. This means that working drawings can be kept in a 
sub-directory of their own (the current directory) and they can be manipulated 
with AutoCAD with access to multiple libraries. 

To continue with this flexibility , The Auto-Board System is also capable of 
running programs and databases in other sub-directories. You therefore have 
access to all of the programs that you will require without having to copy 
drawing files, netlists and script files from one directory to another. 

We will be using the MS-DOS commands, path and set, to tie everything 
together. 

The PATH command allows us to "be in" a current directory on the hard disk (as 
a data area) and activate programs and batch files in another directory (to 
operate on data in the current directory). PATH allows you to define the names 
of all of the sub-directories to be searched to find a program (.COM or .EXE) 
_er batch (.BAT) file. PATH will allow us to tell the operating system where to 
find ACAD and the programs of The Auto-Board System when the current directory 
contains our schematic and routed board drawings. 

The purpose of the set command is store information into an environment region 
of memory that is owned by DOS. AutoCAD and Auto-Board recognize certain 
strings produced and saved by the SET command. Both products will make 
inquiries to the environment and if we've left the proper message, good things 
happen. In the case of AutoCAD, the PATH feature will allow DOS to find the 
ACAD program, but the ACAD program needs to find its overlays and support 
files. PATH will not be helpful in this case. To aid AutoCAD, we will leave a 
message about the location of the configuration and overlay files with the SET 
command. We will also be able to tell AutoCAD where to find a secondary library 
of drawings. 
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The command line, 



C>set acadcfg - c:\acad 

will be enough to notify ACAD that it will find its configuration data and 
overlay files in the C:\ACAD directory. The command line, 

C>set a cad -= c:\schema 

will be enough to notify ACAD that it will find more library drawings and menus 
in the SCHEMA directory. And the command line, 

C>set softwest ■ ^\sof twest 

will be used by The Auto-Board System to find the parts database files. You 
will find further information on these command in the DOS manual and the 
AutoCAD reference manual. 

These commands can be used at any time. There is no need to be in a special 
directory or have a particular diskette available. These are commands that are 
internal to MS-DOS. 

To make life easier, the SET ACADCFG and SET SOFTWEST sequences could be 
placed into your AUTOEXEC .BAT file in the root directory. When the computer 
"boots", these commands will be executed and you won't have to type them in at 
the beginning of every computing session. If you don't have an AUTOEXEC.BAT 
file, we highly recommend it. See the DOS book. 

The SET ACAD sequence is going to change as we go from library to library in 
Auto-Board. This command will be a part of the batch files for running SCHEMA, 
LAYOUT and ROUTER. 
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That leaves the PATH command to be set. 

We need to add the AutoCAD and Softwest directories to the PATH. Let's begin 
by finding our if there is a path already. Enter 

C>path 

With this command, you will either get a message, such as, 

"No path set" 

or the word PATH followed by a set of cryptic mumbo jumbo. You are going to add 
to the mumbo-jumbo. If there is no path (I really doubt it), you will need to 
enter the following command. 

This command will set a path to the 

a) root directory; 

b) the SOFTWEST program directory; 

c) the AutoCAD directum (If yours is named ACAD, then you are in luck, 
no modification to this example). 

Enter 

C>path ^c:\;c\sof twest;c:\acad 

You could certainly add several other directory names to the list with little 
problem. In the case thai tiiciv, « already an existing path, you will have 
to: 
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1. Re-enter the entire PATH as it appears in the response, 

2. Add a semi-colon 

3. Add the pathname of the SOFTWEST directory. 

4. Add a semi-colon, 

5. Add the pathname of the AutoCAD directory. 

Typically, the path will be set by the AUTOEXEC.BAT file which contains 
commands to be executed whenever the system is "booted". Use an editor to add 
the path command or extra directory reference to the existing path command. 
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Chapter 3 



SCHEMA 

This chapter details the working mechanisms of the Schema portion of The Auto- 
Board System. This chapter is divided into three parts. These parts deal with 
the use of AutoCAD and the SCHEMA library to create a schematic diagram, the 
use of the Schema software to convert the AutoCAD drawing files into a netlist 
and a look at the batch file that can be used to automate the process. 



**•*••** BEFORE USING SCHEMA ***•**•♦ 

The following procedure is a one-time only process. 

When a SCHEMA/AutoCAD session starts, the first thing that you will asked to do 
is to select the size of drawing that you will be using ("A" size through "D" 
size). The associated nieuu item will initialize AutoCAD with the necessary 
layers, limits, snap , grid and other parameters for your convenience. One of 
the last things that it does in this set-up is to insert a block. This block is 
called one of the following. 

SHEETA 
SHEETB 
SHEETC 
SHEETD 

The purpose of the block is to draw a border for your drawing and draw a title 
and signature block on the sheet. Since everyone has a different style of title 
block, it would be presumptuous of us to force one upon you. 
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You could do the following things: 

1. Copy your own drawing into the SCHEMA library and name is SHEETn. 

2. Copy your own drawing into the SCHEMA library and change the name in 
SCHEMA.MNU to fit your name. 

3. Use the script files provided (SHEETA.DWG and SHEETB.DWG) to create the 
border blocks. 

4. Use the script files provided (SHEETA.DWG and SHEETB.DWG) as guides for 
creating your own blocks. 

When these drawings are in place, you can proceed with using the SCHEMA 
package. 



Using the SCHEMA Library 

The majority of the work that you will do with the SCHEMA system will be 
through the AutoCAD program. The software that was delivered to you will 
operate upon the output of the drawing that you will produce with AutoCAD. 
Therefore, we will concentrate on the use of AutoCAD and drawing library. To 
make life easier on you, a menu and start-up script have been provided. 

Selecting a Schematic Name 

You will be producing several drawings during the design cycle that you are 
starting. It is beneficial that you systematically name the drawings that you 
are producing so that you don't get confused. One of the by-products of 
confusing and similar names is that drawings can be deleted when a drawing of 
one name is saved and there is already another (completely different ... and 
quite valuable) drawing by the same name ... bye-bye drawing. This situation 
can also exist if the schematic drawing is the same name as the layout of the 
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board and the same name as the output of the router. It gets rather difficult 
to keep things straight. 

Here is the solution that we've come up with: Filenames can be a maximum of 8 
characters in length. Therefore, pick a drawing name of only 6 characters. To 
this basic name, append a "-S" for the schematic drawing and a "-L" for the 
layout. The base name can be used as the drawing name of the final drawing 
produced by the router. 

For instance, "ABCDEF" could be the base name of a project. "ABCDEF-S" becomes 
the schematic and "ABCDEF-L" is the layout drawing. 

Starting AutoCAD with SCHEMA 

The only time that starting AutoCAD is different is when a drawing is first 
being created. Certain guidelines have to be set-up in this case. 
Initialization, if you will. The SCHEMA start-up script is handy in this 
case. Of course, we will want to be in the proper directory to get to the 
drawing library and menu. Enter the following to get the SCHEMA library, 
menu and script file recognized by AutoCAD, and, then, start AutoCAD 

oset acad=c\schema 
oacad abcdef-s schema 

As AutoCAD starts, the script file will request a new drawing, name it and call 
in the SCHEMA m^- when this script has finished, control will be returned to 
you and you are in charge. 

After a drawing has been saved, it is no longer necessary to use the script to 
start an editing session, a simple call to AutoCAD will cause the SCHEMA menu 
to be loaded as your drawing is being processed. Use the following commands: 

oset acad=c:\schema 
oacad abcdef-s 
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Drawing the Schematic 

If everything goes according to plan (SCHEMA.SCR), the SCHEMA menu should be 
shown on the screen. 

A brief word about the menu ... The Schema menu is provided in an ASCII file. 
It can be edited with a text editor or word processor. Feel free to do so, but 
you become responsible for the maintenance of it. We don't fix modified menus. 
You may want to insert the menu into a larger menu with tablet or mouse 
commands in it. If this is the case, add a line to the main menu entry point: 

[SCHEMA]$s=schema 

so that you can get to the added text. Remember to add a line in the SCHEMA 
menu so that you can get back to the main menu. 

With the first group of menu items before you, select the size of paper that 
you wish to draw on. This selection will initialize several AutoCAD parameters. 
The menu will automatically go to the parts selection menu. 

There is no need to select a paper size for an old schematic drawing. Select 
PARTS or SIGNALS to get into the lower levels of menu. 

The categories of parts on this menu are: 

TERMINALS 

CONNECTORS 

IC 

GLUE 
XSTR 
MISC. 
SWITCHES 



Select categories and sub-menus until you get to the part that you wish to 
place onto the drawing. The following sequence is the GENERAL steps used to 
place a part: 

1. Select part from menu 

2. When prompted for x,y co-ordinates, move the AutoCAD cursor to the proper 
position. Press the "PICK" button or RETURN key on the keyboard. 

3. If you are prompted for rotation, the easiest thing is to press "RETURN" for 
the default of "NO ROTATION". 

4. Several of the generic parts in the library may represent only a portion of 
a part. For instance, a 2 input NAND gate will be 1/4 of a 74LS00 package. In 
this case, the exact pins on the physical component will not be known. One gate 
may use pins 1,2 and 3, while another uses 4, 5 and 6. To clear up the 
ambiguity, the attributes for these parts will have you enter the exact pins 
that you wish to use. The prompts will be on the order of: 

Pin for INPUT #1: 4 <-- your response 
Pin for INPUT #2: 5 
Pin for OUTPUT: 6 

5. When you are prompted for DEVICE NAME, enter the name of the part. This will 
be a unique identifier that will identify the part through the routing phases 
of the system. The default value of the prompt should not be selected; it is 
there as a reminder of a part name. 

6. When you are prompted for DEVICE TYPE, enter the specification of the part. 
This may be a part designator (741s00) or a part value (2.7K ohms). This entry 
is optional. It will show up on the silk screen drawing of the routed board. 

On several parts, there is a question of orientation. On the prototype system 
(which was distributed as the demo), rotation of the symbols resulted in the 
rotation of the documenting text. To eliminate the upside-down text, rotations 
and mirroring of several parts have been implemented as separate drawings. When 
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you select a specific symbol, you may be prompted with a positioning or 
rotation selection. When you choose one, you are selecting a drawing to insert. 
This is not the same as entering an angle for the insertion of a block in 
AutoCAD. 

Some symbols selections will use the terms "TO THE LEFT" or "TO THE RIGHT". 
This means that the main portion of the drawing will be to the left or right of 
the cursor position. The cursor position will one (if not the only) point that 
a connecting line will be attached. 

The gates in the GLUE menu may be inserted in two ways. These two ways are 
prompted in the menu as: 

IN— >OUT 
OUT<=«IN 

These prompts refer to the side of the drawing that contains the input and 
output leads. For input leads on the left side and output to the right, select 
the first menu item. For r''z h * * n 1or t flow, select the second. Up and down 
selections are not presented. Rotation of the block is permitted, but the text 
will rotate with it. 

Use the AutoCAD MOVE command to change the placement of symbols on the screen. 



Inconsistent (at least at first glance) Rules: 

Do not directly attach two "parts" symbols. For instance, a resistor and a 
capacitor should not have the end points of their leads connected together 
without either a DOT connector or a line attached to the same point. 
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Do attach "signal" symbols directly to "part" symbols. You may place the GROUND 
symbol directly to pin 8 of a standard 16 pin symbol. The "BALL" symbols are 
provided to attach pins to widely separated or common signals (i.e., +5vdc). 
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You may wish to use several drawings for your design. Use "off sheet" symbols 
to refer to other sheets of drawings. Your schematic does not have to be on a 
single sheet. The "off sheet" symbols will name the network of lines to which 
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it is attached. If this same name is used on another page, the netlist for each 
page will carry the same name for the signal. The netlist interpreter in the 
ROUTER will make sure that the components are routed together. 

See Chapter 5 and Appendix A about using several netlists to describe a single 
board. Use either the chaining technique with the "+" command. Or list all of 
the netlist files (part definitions first) on the NET command line. 

Interesting Parts in the Library 



BLOCK CONNECTOR 

There is a weird part used for the edge connector. There is an edge connector 
cap, mid-section and bottom. This is what they look like: 
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And, if you stick them altogether (although you don't have to), you get: 
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PWR/GND 



There is a special part in the library for the marking of the power and ground 
pins of a device. With this symbol it will be easy to group all of the power 
and ground connections and bypass capacitors into one area of the drawing. This 
will eliminate "BALL" symbols with "+5vdc" on every part, cluttering up 
valuable space. When wiring the power and ground symbols, either run line 
segments from lead to lead or use the DOT command to break a single line from 
the first symbol to the last. 
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Use DOTS 
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Use line segments 
(exaggerated here) 
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Picking TTL parts: 



There is a menu item for TTL parts. It is set up so that the 74LS portion of 
the part name will be entered for you. When you have installed the TTL library 
(optional), all that you will have to do is to enter the number of the part. 



Connecting Everything Together 
Select the SIGNALS menu. 

Use LINE on the SIGNALS layer to connect the leads of the parts. 
LINES must touch the end point of the lead (but not overlap). 



Lines may cross. They will not connect unless they share a common endpoint. 
Lines may be drawn over zzzt z±zt as long as the endpoints are unique. 

To connect crossing lines, T-joints and ambiguous points (corners are 
recognized, no problem), select the DOT command on the menu. This will change 
the layer (required by the capture software) and prompt for a location. HIT the 
point dead-center and a circle wi!! be drawn. If the circle is too big, change 
its size in the menu. It is not important what the the size of the circle 
is. ..what is important is the location, that it is a circle and that it is 
drawn on the proper layc*. Af:„; the circle is drawn, the layer will be reset 
to the SIGNALS layer. 

All AutoCAD commands can be used to edit the drawing until it is as you think 
it should be. Select the FINISH command on the SIGNALS menu to leave the 
session. This command will issue an END command so that the drawing will be 
saved for later sessions. 
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The SCHEMA Software 



The SCHEMA software is responsible for interpreting the .DXF and .TXT files 
that AutoCAD writes to produce a netlist of the circuit that you designed. This 
task is accomplished through three programs: 

ATTCNV 
DXFCNV 
NETGEN 

There use is extremely simple and their execution should be controlled by a 
batch file to save you some typing and "sitting around" time. 

The ATTCNV program reads the attribute file (".TXT") written by AutoCAD when 
you select FINISH on the menu. With positioning information supplied by the 
attribute file and a special database of pin offsets, ATTCNV supplies a file of 
lead co-ordinates found in the drawing. This program is activated by the 
following command line: 

oattcnv schematic-name 

„ The DXFCNV program reads the drawing exchange file (".DXF") written by AutoCAD 
when you select FINISH on the menu. This program extracts the network of 
connections from the schematic drawing. This program is activated by the 
following command line: 

odxfcnv schematic-name 

The NETGEN program combines the information from ATTCNV and DXFCNV to make 
connectivity relations. Knowing the connectivity of the schematic, a netlist 
can be produced. This program is also issue warning messages for leads that 
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have no connections. This program is activated by the following command line: 

onetgen schematic-name 

This program must be run after ATTCNV and DXFCNV have completed. 

SCHEMA Batch Files 

This section is devoted to explaining the batch files for using the SCHEMA 
software. Luckily, it is not a complicated system and is easily put into the 
batch file. There are three things to be done in the batch file. 

1. Set up the SCHEMA library in the environment 

2. Call AutoCAD to produce the drawing 

3. Call the SCHEMA software to produce a netlist 

An assumption that will be made is that the 6 letter board name and the 
trailing "-S" notation will be used. If you do not wish to use this convention, 
modify the batch files or create your own. 

In fhe distribution diskette, there is a batch file, SCHEMA.BAT. It contains 
the commands to automatically go from one step of the process to the next. To 
start the batch file, enter 

c> schema name-of- board 

where "name-of-board" is the 1 to 6 character board name. 

In the batch file, there will be the notation "%1-S". This notation takes the 
text following the name of the batch file ("SCHEMA") and substitutes it for the 
"%1" symbol. If there were more names on the command line, they would get 
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substituted for "%2", "%3" and so forth. In the line, 

c> schema a be 

"abc" gets substituted for This makes the batch file line 

ACAD %1-S SCHEMA 

into 

ACAD ABC-S SCHEMA 



SET UP THE ENVIRONMENT 

AutoCAD must be told that the library of parts is neither in the current 
directory nor is it in the AutoCAD directory. The library is in the SCHEMA 
directory. In the SCHEMA.BAT (schematic batch file), this is accomplished with 
the command: 

oset acad=c:\schema 
Call AutoCAD 

As previously noted, the calling sequence for AutoCAD will vary with the status 
of the drawing. There is no need to tell AutoCAD about the menu name for an old 
drawing. However, we can automatically get set-up with the SCHEMA script file 
for a new drawing. The batch file on the distribution diskette assumes a new 
drawing. 
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Let's look at the command lines. For a new drawing: 

oacad %1-S schema 

and for an old drawing: 

oacad %1-S 
The only difference is the use of the script file. 

You could have an batch file that automatically picked the correct command, 
depending upon the status of %1-S.DWG. The following lines could be substituted 
for the single call to ACAD. 

ECHO OFF 

IF EXIST %1-S.DWG GOTO OLD 
ACAD %1-S SCHEMA 
GOTO SOFTWARE 
:OLD 

ACAD %1-S 
SOFTWARE 

The Eest of the batch file directs the execution of the SCHEMA software. 

ATTCNV %1-S 
DXFCNV %1-S 
NETGEN %1-S 

To keep your disk files orderly, you may wish to delete the intermediate files 

that were produced by AutoCAD and the SCHEMA software. The following commands 

will take care of that. You should be knowledgeable of this portion of the 

batch file. If there is a problem and you call for help, we may want to know 

the contents of these files. The contents can give us a hint about the 

conditions on your machine. So we may have you delete the lines in the batch 
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file that delete the files so that the files will be retained when the session 
closes. 



DEL %1-S.TXT 
DEL %1-S.ATT 
DEL %1-S.DXF 
DEL %1-S.SEG 
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Chapter 4 
LAYOUT 

The LAYOUT package of The Auto-Board System is a group of AutoCAD aids and 
software tools to assist you in laying out the physical components on a printed 
circuit board. The premise of the package is that you will be able to pick 
parts from a menu, place them onto the working drawing as they should appear in 
the routed board and automatically form the necessary files that are used by 
the auto-routing package of Auto-Board. LAYOUT has four major parts: 

o AutoCAD menu for picking and placing parts 
o AutoCAD drawing library of part outlines 
o The LAYOUT program 

o AutoCAD script file with source code to part library drawings. 

This script is supplemented by several individual part outlines. All human 
interfaces with this portion of The Auto-Board System are handled through the 
AutoCAD program. Therefore, besides the drawing that you have at your disposal 
for laying out the board, you are able to use all of the commands that are 
normally available through AutoCAD (i.e., ERASE, ZOOM, MOVE, etc.). There are 
few limitations placed upon you by the LAYOUT package. Most of these 
limitations are created by the routing package. For instance, the LAYOUT 
package does not have a ceiling on the maximum number of parts that may be 
placed. 
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BUILDING A BATCH FILE 



Build a batch file to run the LAYOUT package (optional). Using an editor or 
word processor, enter the following lines into a batch file. A typical batch 
filename might be: "BOARD.BAT". Whatever name you wish to use, the suffix MUST 
be "BAT". If you are using the schematic capture package, you may wish to 
separate the names of the resulting netlist files. We have been adding a 2 
letter suffix to the filename to distinguish the two. For instance, if the 
printed circuit has the name of "XXX", we use "XXX-S" for schematics and 
"XXX-L" for layouts. In this case, the batch file looks like this: 

set acad=c\layout 
acad %1-L layout 
layout %1-L 

You may want to erase the .DXF and .TXT files after the LAYOUT program has 
finished. In this situation, add the following lines to your batch file: 

del %1-L.dxf 
del %1-L.txt 

STARTING THE BATCH FILE 

If you elected to use the batch file as a way of running the LAYOUT package, 
and it is HIGHLY suggested, then getting the system to go is relatively easy. 
Enter. 

c> board xxx 

The name of the batch file and board name are the ones that were used for 
illustrative purposes in the installation section. You should substitute the 
names that you used in their places. All program activations are automatic from 
this point. On the other hand, you might be using an old layout of a printed 
circuit board and are wanting to edit it for a more efficient routing. The 
router package is capable of drawing a pure rats nest of your board. After 
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viewing the rats nest, you may wish to move some parts around. In this case, 
the batch file may cause some problems for you. One of the reasons is that the 
batch file asks ACAD to read a script file called LAYOUT. This script file has 
commands to create a new drawing and bring in the LAYOUT menu. If you are 
editing an old drawing, you will not want to create a new drawing, and the old 
drawing will request the LAYOUT menu for you. You may want to build a batch 
file for editing old layouts. Or you might want to simply command the operating 
system with individual commands. The command sequence is: 

oset acad=c:\layout 
oacad xxx-L 
c> layout xxx-L 

In any case, the main work to be done by you is handled by AutoCAD. The BOARD 
program is a hands-off translator that works on the .DXF and .TXT files that 
are generated by AutoCAD. 

LAYING OUT A BOARD WITH AUTOCAD 

Once again, all of the work that you will have to do with the computer will 
be through AutoCAD. This will put you into a familiar situation with a 
minimum of new learning. 

When you activate AutoCAD from the operating system prompt, make sure that you 
supply the name of the board that you are designing and the name of the 

initializing script file, LAYOUT. That is, use the following for a new design: 

oacad xxx-L layout 

The LAYOUT script will initialize the drawing file for your design and 
then bring the LAYOUT menu into the AutoCAD system. If are using some other 
third party screen and digitizer menu, you may want to skip using the LAYOUT 
script. However, you will need to merge the LAYOUT.MNU file with your other 
menu. This may require that you add a selection item on the screen portion of 
the menu to be able to get to the LAYOUT selections. 



Setting Up the System 



When the LAYOUT menu appears on the screen, you will see several items to be 
selected. To set up the system for laying out a PC board, move the screen 
cursor to and select the BOOKWORK item. This will cause the menu to change to 
a series of commands to initialize the session and to end the session . Select 
the SETUP menu item. With this selection, there is nothing that you will have 
to do (except wait for the completion of all of the imbedded commands). When 
the SETUP function is complete, you may wish to take advantage of the menu 
item that allows you to define the edges of the board. It may be your practice 
to layout out the board and then define a board boundary that fits the layout, 
(if you do, you are one designer in a million), but board layout now and 
processing later will proceed smoother if you do this now. 

Select the menu item marked EDGES (not EDGE OUT ... yet). This menu item will 
perform several functions, but will finally result with a LINE command and a 
request for the starting coordinates of that line. Move the cursor to a 
comfortable starting location, marking each of the corners of the board (in 
order). Close the board outline with a finishing line or enter the letter 
"C for CLOSE from the keyboard to close the outline. There is a SIZE UP entry 
that will perform a zoom e so that the board fills the screen. The AUTOMENU 
selection returns you to the BOOKWORK menu and back to the main menu with the 
selection of another AUTOMENU. 

PHILOSOPHY: 

There are certainly easier ways to perform some of these functions. For one, 
you may want to always "ZOOM E" after the outline of the board has been drawn. 
My suggestion to you is to combine the two menu items into a single menu 
entry. The same applies to return from menu to menu. It is my philosophy to 
give you more than you need to do the work. This will give you a chance to slim 
down the menu where you see fit, combining entries and deleting unused 
entries. I don't want to have the whole thing so optimized that you have no 
room to fix things up the way that suits you. You will also find this in the 
library drawings, the source is provided because I know that not everyone will 
agree with the way that represent parts. 
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HOT TIP. 



There is a selection of the bookwork menu named EDGE OUT. This command will 
generate a .DXF file so that the LAYOUT program can figure out where the edges 
of the board are. The .DXF file contains a huge amount of other stuff that 
isn't necessary to the production of parts definitions for the router. 
Therefore, the .DXF file will be shorter and the LAYOUT program will run 
faster if the .DXF file is created immediately after the edges are drawn and 
before any parts are positioned. This explains the separation of the EDGE OUT 
item and the FINISH item which reports the positions of the parts. And it 
also explains why the menu returns to the BOOKWORK menu before returning to the 
main menu. 

Pick and Place Parts 

With edges of the board in place, it is time to place the physical parts of the 
board. There are four categories of parts and other goodies that can be placed 
on the board. They are: 

1. Single piece components 
. 2. Multiple piece components (memory arrays) 

3. Connectors (edge and headers) 

4. Bus traces. 

Single piece components 

This category of part is the largest group in the system. The parts are single 
piece that are usually noted with a part type and a reference name. This group 
contains: 
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Integrated Circuits 
Resistors 
Capacitors 
Diodes 

Single-Inline Packages 
Transistors 

These parts can be placed into the board area with menu selections. On 
the main menu are several family level selections (most are listed above). 
Pick the family of the part that you wish to place. The menu will be replaced 
with a set of choices. 

Once again, pick the component that you wish to place. Integrated circuits and 
SIP are classified by pin count 

IC8 

IC14 

IC16 

IC18 

IC20 

IC22 

IC24 

IC28 

IC40 

IC64 

4 PIN 

6 PIN 

8 PIN 

10 PIN 

11 PIN 



Resistors are classified by wattage (which determines lead spacing): 



1/8 Watt (400 mil spacing) 
1/4 Watt (500 mil spacing) 
1/2 Watt (750 mil spacing) 

1 Watt (1000 mil spacing) 

2 Watt (1200 mil spacing) 

Capacitors are classified by lead spacing. There seem to be so many 
configurations of capacitors that this method of classification became 
the only suitable approach. 

100 mils (works very well for LEDs) 

200 mils 

250 mils 

300 mils 

500 mils 

600 mils 

800 mils 

1000 mils 

1500 mils 

2000 mils 

2200 mils 

2500 mils 

Transistors are classified by can-type. Although the lead spacing on several 
of the popular sizes is similar, variations have been introduced so that you 
can get the lead alignment that you require. For instance, TO202T (triangular 
mounting) and TO220T are basically the same package. However, the center lead 
on the TO202T is to the right of the others and TO220T is to the left. 

The silk screen pattern for both is the same; the body of the transistor is 
horizontal for mounting to a heat sink. 



T05 

T08 

TO18 

TO39 

T092 

TO98 

TO202T 

TO202S 

TO218 
• TO220T 

TO220S 
, T0226 

To place one of these parts on fhe screen, select (pick) the part from the 
menu. 

AutoCAD will request that designate a position on the drawing area for placing 
the part. If you're being serious about this, you will select a position which 
is entirely within the boundaries of the board. The router will do nasty 
things to circuit elements outside of the board boundaries (and it doesn't 
always to ignore them). 

Move the cursor to the position for PIN #1 of the device and press the 
appropriate selection button / key to mark the place. 

AutoCAD will next ask for a rotation value. The parts in the library are 
aligned with PIN #1 at the TOP of the screen (resistors, diodes and 
capacitors are drawn vertically). On integrated circuits, the notch is the 
reference point. If the default rotation is what you want, press the 
selection button/ key. If you want the part rotated to its side or upside 
down, there is a rotation sub-menu at the bottom of the menu area for 
selecting the orientation of the part. 

AutoCAD now knows what, how and where to draw the part outline, but AutoCAD 
still has some questions to ask. All of the parts have attributes attached 



to them. These attributes are pieces of information that are carried with 
each individual part. Some of the attributes are preset to some constant 
value (not displayed) while other attributes are unique to each instance of the 
part and must be supplied by the user. 

These user supplied attributes are the part name and specification. The first 
request will be for the name of the part. A default value is given. Don't use 
it. It is only a reminder of the prefix the name of the part. The name of the 
part must be unique. This is your responsibility. This attribute MUST be 
used. 

The second request will be for a part value. In the case of resistors, the 
attribute will prompt with "OHMS:". This is a free form value for part value 
or internal part number for the later compilation of a parts list. 

When these values have been entered, the part will be drawn on the screen 
with the attribute information displayed. 

Continue picking and placing parts. You will realize the greatest efficiency 
if you pick and place all of your parts from one family at a time (all of the 
ICs and then all of the resistors, etc.). 

Multiple piece components (memory arrays) 

Connectors (edge and headers) 

Bus traces. 
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Write the Hies 



To write the files that the LAYOUT program will use to generate its portion 
of the netlist, you will have to select the BOOKWORK item on the main menu. 
The items on this menu that will be of interest to you are: 

FINISH 
EDGE OUT 
END 

GET OUT 

As stated above, the EDGE OUT item should have been used at the start of the 
session. This will generate a shorter .DXF file that it would if you wait to 
the end of the session to perform this function. The command that you are 
interested in most at this time is the FINISH command which will send 
information about parts placement to the .TXT file. As in other commands and 
menu items in the Layout system, all of the work has been done for you behind 
the menu selection. Select the FINISH command to generate the attribute file 
with positioning information. 



AutoCAD version differences: The FINISH item uses the AutoCAD "ATTEXT" 
command (found in ADE-2) to build the position information file. This 
command was introduced in the AutoCAD 2.0 series. In that series of AutoCAD, 
the ATTEXT command had the following form: 

ATTEXT format-code output-filename template-filename 

This was changed in AutoCAD 2.1x. Subsequently, all scripts and menu items 
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that used this command failed to operate as expected (as in: not at all). The 
newer form is: 

ATTEXT format-code template-filename output-filename 

The menu that is supplied on the LAYOUT disk is for AutoCAD 2.1. If you are 
getting bad results from this part of the session, you will have to modify the 
LAYOUT.MNU file to reflect the proper AutoCAD instruction. As delivered: 

ATTEXT^LAYOUT^ 

For AutoCAD 2.0: 

ATTEXT-LAYOUT 



The GET OUT and END items for there for your convenience. They are menu 
items for QUIT and END, respectively. If you have selected EDGE OUT and 
FINISH prior to this choice, you are ready to end the session. 

The choice that you will have to make at this time is whether to save the .DWG 
file or throw it away. With EDGE OUT and FINISH commands out of the way, 
you have enough information stored for use by the router. Neither QUIT nor 
END will interfere with the existence of those files. 

The question that is necessary to ask is whether you may want to use the 
layout drawing again. One of the features of the router is its ability to 
generate a rat's nest drawing of your board. With that drawing in hand 
(plotted), you could return to your layout drawing and move parts around to 
clear up conflicts in the rat's nest. With a new layout, you would extract the 
.DXF file with the EDGE OUT command and the new part locations with the FINISH 
item and proceed to route the board again with the cleaned up layout. 

I 
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Chapter 5 
ROUTER 



This chapter covers the use of The Auto-Router. There are three important 
pieces of software that is involved in this package. Moreover, there are 
several programs that are vital to the operation of the router, but do not 
require any important notice from you. The programs of note here are: 

NET 
ROUTE 

What will be covered here are the parameters that control the operation of the 
processes. Everything else is quite automatic. 

The Netlist Interpreter (NET) 

The Netlist Interpreter is the program that reads the information produced by 
the other components in the system or by you with a text editor. Its task is to 
translate the information into the forms required by the various programs in 
the ROUTER system. NET divides the information into separate files which by 
their existence cause other programs to act upon them. 



Using the NET Program 

The Netlist Interpreter program may be started as a stand alone program or as 
the first program in a batch file. Its command line is: 

net name -of -board name-of-netlistl ... name-of-netlistn 

A major feature of the Netlist program is that the program parameter list may 
contain several netlist filenames. It must contain at least ONE netlist file 
name. All of these netlist files may be used to define a board. This feature is 
not exploited in the distributed batch file. This feature can be simulated 
through the use of the netlist language file inclusion command in the ONE named 
netlist file. 

As the Netlist program executes, it will display the part names that it is able 
to find in the netlist database. This may be of some benefit and comfort. It is 
intended to let you know that it is running. 

As the Netlist program nears completion, it will display the progress of the 
file writing process. 

The Routing Program (ROUTE) 
Features 

The purpose of the routing program is to read in the trace-end pairs created by 
the earlier intermediate programs and build traces to form that circuit. A 
representation of the board is created and routed in extended memory space. 
This allows direct memory accesses to the current state of the board, allowing 
for fast trace searches (as opposed to storing the board in a hard disk file). 

The router program is quite substantial in size (approximately 85K). A number 
of calls to the operating system expands it to the limits of your computer's 
RAM capacity. This expanded area is cleared and used for the model of the 
board. If you are using RAM *'"-ks in this area, the operating system will not 
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recognize the memory used by the RAM disk and will not make it available to the 
router program. Make sure that there is plenty of free memory before starting 
the router. A call to the CHKDSK program will advise you as to the amount of 
free RAM memory that you have in your system. When the router is activated, it 
attempts to get the required memory from the operating system. If it cannot get 
all of the memory that it requests, the router program will issue a message 
about the size of board that it will be able to route. Approximately one and 
one half inches of board in the y-axis dimension is lost with every 32K memory 
request failure. 

The router next checks for the existence of necessary files in the system. The 
names of the files are formed from the name of the board being routed, as are 
the names of files for all other programs. There are two required files. The 
first file is the PAD file. This file contains the locations of all known 
feedthrus and component pads. These pads will be the starting and ending points 
for the routed traces. The second file is the trace definition (DEF) file. This 
file contains the endpoints of the traces that are to be routed. 

There are other optional files. One is the edge (EDG) file. It contains the 
edge pair coordinates of the board edges, masked areas and restricted areas 
formed to protect edge connector fingers. This restricted area prevents traces 
. from wandering into board areas that have already been resolved by the edge 
connector program. 

Another optional file is the predefined trace file (PRE). Coordinates in this 
file form traces that the router will reserve and treat like routed traces. 
These traces are generated by the array processor and the pre-router program. 

With the preliminaries out of the way, the routing begins. The router will 
attempt to connect each of the endpoint pairs that it finds in the DEF file. 

The router will fail if a connect has not been made after the router has tried 
all reasonable paths between the two end points, run out of time or hit a 
trace/via limit. A message is written to the screen to warn of trace connect 
failure. A trace limit is in effect that limits the number of trace segments 
that may be attempted before calling the circuit a failure. This trace limit is 



set to six trace segments. You may change this value through one of the program 
parameters. 

The number of attempted trace segments is progressive. The router will attempt 
to connect two points with three traces before it will attempt a connection 
with four traces. In this way, the most efficient route will be found. 

■ 

Sometimes it may seem reasonable to suspect that if a trace is not established 
within some time period that it is not likely to produce a very elegant trace. 
To prevent wild goose chases, the router also has a time limit that it will 
spend on any one connection. The default time limit is 30 minutes. You may set 
the time limit to any value that you wish with one of the program parameters. 
You may also disable the timer with the same parameter. We have found that time 
limits in the 5 to 10 minute range are optimum for a good mix of completion of 
traces and getting the board done within a reasonable time frame. 

As the routing progresses, the points that the router is attempting to connect 
are displayed on the console screen. This is to give you the comfortable 
feeling that everything is still working. If the router should throw in the 
towel and fail in connecting two points, a message stating the cause of failure 
{OUT OF TIME or CONNECT FAILURE) and the endpoints is written to the console 
screen. 

These failures will show up on the AutoCAD drawing as straight lines 
(connecting the endpoints of the missed trace) on a RATSNEST layer. You can use 
the coordinates of these lines to manually connect the endpoints with AutoCAD. 
All coordinates on the screen are given in mils in x,y format. 

The router is an iterative router. After all endpoints have been attempted and 
an optimization pass has been made, the router will attempt to route the traces 
that failed on the previous pass. The cycle of routing and optimizing will 
continue until all traces are completed or until a pass is all failures. 

It has been our experience that you can get very tired waiting for the router 
if it is successful only once in a pass of failures, prompting the router to 
try them all over again. The ESC key (escape) can be used to force the 
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cancellation of a single route. Pressing the key for every trace will lead to 
the completion of the route (with all failures). 



Options 



The router has several user parameters. 
Trace Limit 

This parameter allows the user to define the number of trace segments that may 
be tried before failure is assumed. This also controls the number of feedthrus 
that may be generated for any trace. The default value Is 6 (which means that 
sometimes 7 segments may slip in if success is seen). The trace limit is 
specified: 



on the route command line, where "n" is the maximum number of trace segments 
that will be allowed (except for successes at n+1). 

Optimization Level 

This parameter allows the user to select the level of optimization that the 
router will use after the board has been completely routed. The optimization 
level is specified: 



on the route command line. There three types of optimization: 

1. Remove feedthrus by moving traces from side to side as clearance permits. 
The priority of this optimization is to move traces to the solder side, but if 
that is impossible and the trace can be fit to the component side, it will be. 
This optimization feature is controlled with the first number in the optimizer 
parameter ('x' in the line above.) 



-Ln 



Oxyz 
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2. Remove right angles where possible. This level of optimization attempts to 
cut corners at 45 degrees. The optimizer will find a candidate corner and check 
for clearance in chopping off the right angle. The optimizer will build the 
corner at 100 mils back from the corner (max.). it will be. This optimization 
feature is controlled with the second number in the optimizer parameter ('y' 
in the line above.) 

3. Remove right angles where possible, but don't stop at the 100 mil limit. 
This level of optimization will build as large a 45 degree line as it possibly 
can. it will be. This optimization feature is controlled with the third number 
in the optimizer parameter (V in the line above.) 

Each optimizer switch in the parameter can be set to some controlling value, 
independent of the other switches. The valid values are: 

Feature is disabled 

1 Optimization feature is activated at the end of a routing cycle (all 

scheduled traces are attpmoted first) 

2 Optimization feature is activated after the successful completion of any 

trace. 

3 Both options 1 and 2 are active. 
Trace Width 

This parameter allows the u c e«- to 'Wine the width of trace segments (in rails) 
that are generated by the router. The default value is 15 mils. The trace width 
is specified: 

-Wn 

on the route command line, where "n" is the width of a trace. If a trace width 
of (zero) is used, the router will produce LINE commands in place of the 
usual TRACE command. This will allow you to control the trace width with the 
plotting pen size. 



Trace Type 

This parameter allows the user to request that POLYLINES be generated by the 
router instead of LINES and TRACES. The default is TRACE. The trace type is 
specified: 

-P 

on the command line. A trace width of zero with this option will produce a zero 
width polyline. This option is usable with AutoCAD 2.1x and ADE-3. 

Pad Clearance 

This parameter allows the user to select a pad clearance distance. The default 
for this parameter is for basic grid spacing, 50 mils between centers of 
feedthrus and pads. However, this can produce some boards that are difficult to 
manufacture. Using this parameter will impose some checking. The pad clearance 
option is specified as: 

-Dn 

on the command line, where n is equal to either 1 or 2. A value of 1 will cause 
clearance checking for >50 mils between pad centers. This allows 70 mils 
between centers for pads on diagonal grid points. A value of 2 will cause 
clearance checking of >-100 mils between centers. The use of the parameter will 
result in a less dense routing. 

Ratsnest Control 

This parameter controls the drawing of ratsnesting lines on the AutoCAD 
drawing. This parameter has two uses. In the form: 

-R 



> 



the parameter turns OFF that ratsnest lines for missed traces on the artwork. 
In its other form: 

-RAT 

it causes the router to form a ratsnest representation of the entire board. 
This option can be used to check out the quality of your layout. 

Sidestep Control 

This parameter controls the ability of the router to make a small step of one 
grid space in the "wrong" direction for the purpose of finding an efficient 
path. On the vertical trace side, the router may make a single horizontal step 
to get around a feedthru, for instance. This parameter will disable the 
feature. Its form is: 

-S 

Time Limit 

This parameter allows the user to define the number of minutes that by pass 
before failure is assumed. The default value is 30 minutes. The timer feature 
is disabled with a time of zero (0). The time limit is specified: 

-Tn 

on the route command line, where "n" is the maximum number of minutes that a 
single trace will be allowed. The maximum time is approximately 500 minutes per 
trace. You probably won't have to worry about that. 



For example, to call tU« * outer for a board named, "WHIZ", with a 



time limit of 5 minutes for each trace, 

a trace segment limit of 8 segments, 

a trace width of 10 mils, 

>50 mil pad clearance, 

feedthru removal and 

45 degree cuts for optimization, 

enter this line on the operating system command line: 

c> route whiz -t5 -18 -wlO -dl -ollO 

About the Library Parts 

The library for this version (1.3) of the router has changed from earlier 
versions. 

Earlier versions had a drill layer with dots to indicate the drill hole 
centers. In this version, that layer has been eliminated. In its place, the pad 
, master is now constructed from blocks with the shapes of pads. These blocks 
have an attribute for the holesize associated with that pad. Future software 
will read the attribute r;,a produced by the drawing and produce a drill 
schedule with coordinates and drill sizes. 

One of the benefits of the blocks on the pad master is the ability to change 
them in a global fashion In the library, the pads are circles for check plots 
and faster drawing (»«: nnnnsed to filled circles). The pads have names such 
as: 



RND_PAD 

SQR_PAD 

PAD_40 

PAD_50 

PAD_60 

PAD_70 

You have the ability within AutoCAD to exchange these blocks for blocks with 
filled pads, donuts or (if you wish) stars. Create a finished pad with AutoCAD 
and place the drawing in a file within the ROUTER library directory. Then a 
single command to AutoCAD will make a global change. Use the command: 

INSERT RND_PAD=DONUT 

to make the change. 

BATCH FILES 

There are two batch files included on the distribution diskette. The use of 
these batch files will make the running of The Auto-Router system automatic. 
There are several programs that are used in special instances and the batch 
files' recognize the conditions and execute those tasks. To save yourself from 
the grief and confusion of which program to run (and when), use the batch 
file. 

RTE 

The RTE batch file controls the creation of a printed circuit board and the 
auto-routing process. RTE is called by 

orte board-name 

where <board-name> is a 1-6 character (legal filename) board identifier. The 
batch file assumes that the preparation of the netlist input has been done with 
SCHEMA and LAYOUT and that the netlist filenames have the -S and -L 
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designators. Internal notation in the batch file will append the -S and -L in 
the proper places. 



RAT 



The other batch file is RAT. It is identical in structure to RTE except that 
the parameter to the router program is set to produce a pure ratsnest drawing 
of the layout and scheduled traces. No routing will take place. 

The batch files do not call AutoCAD. You can do this as necessary. Make sure 
that the ROUTER directory is active before calling AutoCAD. Use the command: 

oset acad«=c\router 

To use AutoCAD to edit the routed board, use the board name of the routed board 
as the name of drawing (unless you have a reason to use another name) and as 
the name of the primary script file (there is no option with this name choice). 
The calling sequence to AutoCAD would be: 

oacad board-name board-name 

Of course, when AutoCAD gets the drawing, it is between you and AutoCAD what 
happens to the drawing. AutoCAD has no special knowledge of printed circuits 
(or any other specialty) and whatever you ask it to do, it will obediently 
perform. 
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Chapter 6 



CUSTOM PARTS 

One of the goals in writing The Auto-Board System was to make it easy to add 
new parts. In the original form of The Auto-Router, it was possible to extend 
the parts library, but it certainly wasn't easy. With the release of version 
1.3, all parts and symbols are defined outside of the software in database 
files. In other words, a definition of a 16 pin ic in the database is no more 
or less standard of a part than a custom transformer with unique pin spacing. 

This chapter explains the mechanism for adding a symbol or part to each of the 
modules in the Auto-Board System. 

The addition of new parts to the database and library is not difficult. 
However, it should only be attempted with: 

Knowledge of the AutoCAD: 

command structure 

attributes 

script files 

structures imposed by Auto-Board 
(layers, limits, etc.) 

Get to know you computer and its software before starting on this task. 
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In general, the steps to create 2 custom schematic symbol or pcb part are: 



1. Design the symbol or part outline 

2. Assign appropriate attributes 

3. Generate the AutoCAD blocks 

4. Create database information 

5. Create or update database 



The following sections describe the creation of a unique schematic symbol and a 
corresponding pcb part for both the LAYOUT and ROUTER tasks. 



The first thing that you will have to do in the creation of a part is to decide 
what it is that you want to create. That sounds stupid, but without some 
planning, the task can be confusing and frustrating. It doesn't have to be. 

Decide what you want to do. Draw it on paper. Play with it to get it to look 
like you would like. Label the leads with function reminders and then number 
them. To make life easier, number the leads in two different ways. First, 
number the leads sequentially from one to whatever (number of leads on the 
drawing). This numbering should be somewhat logical in its sequence. Then give 
the leads the number of the corresponding pin on the physical device. These 
numbers will be used when the attributes are generated. 

Here is a sample drawing. This is not an AutoCAD drawing. It is a planning 
freehand sketch. 



SCHEMATIC SYMBOL CREATION 
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Notice that a point has been designated as the insertion point. This will be 
the part of the drawing that will be drawn at the location of the cursor when 
the symbol is used in a real drawing. 

AutoCAD SCRIPT PREPARATION 

There are two ways in which the symbols can be created with AutoCAD. The 
obvious method is to use AutoCAD to draw and label the symbol. This is probably 
quite satisfactory for the creation of one part. However, when several similar 
parts are being drawn, we have found that the script file method to be faster 
to produce and easier to modify. When there are several drawings that are the 
same, it is a snap to copy sections of script (to be used as templates) to 
quickly create several parts. 

The script file can be built with a text editor or word processor. The 
contents of the file is simply the commands that you would type into AutoCAD to 
manipulate the drawing. 

Script files must be suffixed with the filetype of .SCR. For example, 

CMOS.SCR 
TTL.SCR 

Like a normal AutoCAD session, the script file will contain some initialization 
commands. In the passages that follow, the script command will be shown on the 
left and an explanation (prefaced with "<— ") on the right. 

1 <— generate a new drawing 

x <— dummy name, nothing is ever saved there 

limits -2,-2 2,2 <-- set some limits 

zoom a 

layer new parts <— create a layer called "PARTS" 

<— required blank line 
layer set parts <— make it the current layer 

<— required blank line 



When you write this script file, you do not include the explanations. 



These steps will not have to be performed again in the session unless there is 
a change in the drawing environment. 



Now it is time to draw the outline of the figure that we add to the symbol 
library. 

line 0,0 0.5,0 0.5,-1 0,-1 0,0<~ part outline 

<— required blank line 
line -0.1,-0.1 0,-0.1 <-- DO lead 

<-- required blank line 
array 1 r 8 © -0.1 <-- draw DO - D7 
line 0.5,-0.1 0.6,-0.1 <-- AO lead 

<-- required blank line 
array 1 ■ r 4 4' -0.1 <-- draw AO - Al 
line 0.5,-0.6 0.6,-0.6 <— draw SELO lead 

<— required blank line 
line 0.5,-0.7 0.6,-0.7 <— draw SEL1 lead 

<-- required blank line 
line 0.1,-1 0.1,-1.1 <-t draw R/W lead 

<-- required blank line 
line 0.2,-1 0.2,-1.1 <-- draw GND lead 

<— required blank line 
line 0.25,0 0.25,0.1 <— draw PWR lead 

<— required blank line 
text 0.03,-0.13 0.055 DO <— write labels at leads 
text 0.03,-0.23 0.055 Dl <— stay 0.03" from outline 
text 0.03,-0.33 0.055 D2 <— center text on lead 
text 0.03,-0.43 0.055 D3 <— 0.055 character size 
text 0.03,-0.53 0.055 D4 <— no rotation 
text 0.03,-0.63 0.055 D5 
text 0.03,-0.73 0.055 D6 
text 0.03,-0.83 0.055 D7 
text r 0.47,-0.13 0.055 AO 
text r 0.47, -0.23 055 Al 
text r 0.47,-0.33 0.055 A2 
text r 0.47,-0.43 0.055 A3 
text r 0.47,-0.63 0.055 SELO 
text r 0.47,-0.73 0.055 SEL1 
text c 0.15,-0.98 0.055 R/W 
text c 0.35,-0.98 O.Oij GND 
text c 0.25,-0.08 0.055 PWR 



That completes the drawing of the basic outline and associated text. There are 
two things that can be done at this time. One, the outline can be saved as a 
block. Or, the attributes could be added at this time. If the outline is 
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generic in nature and will be used in several symbols, save the drawing as a 
block. 

block memory 0,0 w -2,-2 2,2 <— save as block MEMORY 

<— required blank line 
redraw <— refresh the screen 



So far, AutoCAD has drawn this: 
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With this block drawing and added attributes, we can construct a SCHEMA 
compatible symbol. The attributes that will be required are: 

MARKER 
LIBRARY 
KEYWORD 

PINS 

PIN1 

PIN2 

PIN3 



PIN n 
DEVSPEC 
DEVNAME 



MARKER : This attribute specifies the use of the symbol. If the value of the 
MARKER attribute is "P", then the symbol represents a physical PART. The value 
of "S" indicates a signal name symbol which is used to set a name to a line- 
group that is connecting part leads. This attribute is invisible and constant. 

LIBRARY: This attribute names the library file (generated by the BILDLIB 
program) where the symbol name can be found. The library contains positioning 
information. This attribute is invisible and constant. 

KEYWORD: This attribute names the Keyword that is used to enter the library 
file named in the LIBRARY attribute and retrieve the specific positioning 
information about the symbol. This attribute is invisible and constant. 

PINS: This attribute documents the number of leads on the symbol that may be 
connected by lines on the drawing. It also specifies how many PINn attributes 
will follow for the symbol. This attribute is invisible and constant. 

PIN1 through PINnc This attribute assigns a wire lead on the symbolic drawing 
to a specific pin on the physical device. In the example above, you were asked 
to sequentially number the leads on the drawing. These numbers would correspond 
to the number in the PIN attribute itself (i.e., PIN1, PIN34, PIN6). Next you 
were instructed to assign the corresponding physical pin number to the drawing 
number. In the case of the example, the DO lead is PIN1 on the drawing and pin 
9 on the real device. This device pin number becomes the attribute value. This 
attribute may be either visible or invisible (usually visible so that the 
number documents your drawing) and either constant or variable. When the exact 
pin relationship is known, then it makes sense to set these values to a 
constant. Sometimes, you will want the designer to designate pin numbers. For 
instance, in the case of a NAND gate, several gates may appear in a single 
package. To separate one gate from another, you can leave the pin values as 
variables and with the built-in prompting, get the actual pins at the time that 
the device is entered into the drawing. 

DEVSPEC This attribute is a documentation feature. This attribute is used to 
designate a device specification for a part. This attribute will be passed 



through the various phases of The Auto-Board System until the value is set into 
the silk screen layer of the printed circuit board. This value is usually 
visible. The attribute can be constant when you know the device type being 
used. For instance, in a TTL or CMOS library, the device type is known when the 
library piece is constructed and the attribute can be constant. On the other 
hand, the symbol may be quite generic and a specific device type or value can 
be added at the time of usage. Then the attribute should be a variable. 



DEVNAME This attribute is the unique symbolic name given to the particular 
part on the drawing. This will be the identifying value that will be used 
throughout The Auto-Board System when referencing the part. 



Your custom part should use all of these attributes. You may add other 
attributes, but DO NOT add them to the TXT template file. This will confuse 
the software that interprets the attribute output files. We will have no pity 
for offenders in this area. 



Refer to your AutoCAD User Reference for more information about the structure 
of attribute commands. It is not the intent of this chapter to teach the use of 
attribute definitions. It is intended to guide you in using the attributes that 
are recognized by The Auto- Board System. 

For our example drawing, the following would be placed into the script file. 
This script assumes that the symbol outline has been saved as the block, 
MEMORY. 

insert memory 0,0 1 1 <-- get a copy of the symbol outline 
attdef i c <— define an attribute invisible & constant 

<— required blank line 
Marker P <— MARKER attribute "P" « PART 

0,0 0.01 <-- place and size of text — who cares 
attdef <— define attribute, still invisible and const 

<— required blank line 
Library CUSTOM <— part will be found in the CUSTOM library 
0,0 0.01 <— place and size of text — who cares 
attdef <— define attribute — no change yet 

<— required blank line 
Keyword MEM <— Key for getting data from database 
0,0 0.01 <— place and size of text — who cares 
attdef <-- def ine another attribute 

<— required blank line 
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Pins 17 <-- number of pins on symbol 

0,0 0.01 <-- place and size of text 

attdef i <-- define attribute — show these (constant) 

<-- required blank line 
Pinl 9 <— first lead is actual pin 9 

r -0.03,-0.08 0.055 <— place and size of text 
attdef <-- define attribute 

<-- required blank line 
Pin2 S <— second lead is actual pin 8 

r -0.03,-0.18 0.055 <— place and size of text 
attdef < — define attribute 

<— required blank line 
Pin3 7 <-- third lead is actual pin 7 

r -0.03,-0.28 0.055 <— place and size of text 
attdef <— define attribute 

<-- required blank line 
Pin4 6 <— fourth lead is actual pin 6 

r -0.03,-0.38 0.055 <-- place and size of text 
attdef <— define attribute 

< — required blank line 
Pin5 S <-- fifth lead is actual pin 5 

r -0.03,-0.48 0.055 <-- place and size of text 
attdef <-- define attribute 

< — required blank line 
Pin6 4 <— sixth lead is actual pin 4 

r -0.03,-0.58 0.055 <— place and size of text 
attdef <-- define attribute 

< — required blank line 
Pin7 3 <-- seventh lead is actual pin 3 

r -0.03,-0.68 0.055 <-- place and size of text 
attdef < — define attribute 

<-- required blank line 
Pin 8 2 <— eighth lead is actual pin 2 

r -0.03,-0.78 0.055 <-- place and size of text 
attdef <— define attribute 

< — required blank line 
Pin9 1 <-- ninth lead is actual pin 1 

r 0.12,-1.08 0.055 <— place and size of text 
attdef <-- define attribute 

< — required blank line 
Pinl 10 <— tenth lead is actual pin 10 

0.38,-1.08 0.055 <— place and size of text 
attdef < — define attribute 

<— required blank line 
Pin 11 13 <-- eleventh lead is actual pin 13 

0.53,-0.68 0.055 <— place and size of text 
attdef <-- define attribute 

< — required blank line 
Pinl2 14 <-- twelfth lead is actual pin 14 

0J3.-0.58 0.055 <-- place and size of text 
attdef < — define attribute 

<-- required blank line 
Pinl3 16 <-- thirteenth lead is actual pin 16 

0.53,-0.38 0.055 <— place and size of text 
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attdef define attribute 

<— required blank line 
Pin 14 17 <-- fourteenth lead is actual pin 17 

0.53,-0.28 0.055 <— place and size of text 
attdef <-- define attribute 

< — required blank line 
Pin 15 18 <— fifteenth lead is actual pin 18 

0.53,-0.18 0.055 <— place and size of text 
attdef <-- define attribute 

<-- required blank line 
Pinl6 19 <— sixteenth lead is actual pin 19 

0.53,-0.08 0.055 <-- place and size of text 
attdef <-- define attribute 

<— required blank line 
Pinl7 20 <-- seventeenth lead is actual pin 20 

r 0.22,0.03 0.055 <-- place and size of text 
attdef c <-- define attribute ~ not constant now 

<■-- required blank line 

Devspec 

Enter Device Specification <-- attribute name and prompt 

<-- required blank line 
c 0.15,-0.36 0.06 <— text place and size 
attdef <— define attribute 

<-- required blank line 

Devname 

Enter Device Name <-- attribute name and prompt 
U - default value (reminder in this case) 

c 0.15,-0.22 0.06 <— text place and size 
wblock mem <— write completed symbol to disk 

<- - required blank line 
0,0 w -2,-2 2,2 <— insertion point and window of symbol 

<-- required blank line 
redraw <-- clear the screen 

This is what AutoCAD will be displaying prior to the WBLOCK command: 



p 1N171 
MfgjB. *S 

pin; 



PIN4 
P1N3 
PINf 



PC VNAMfc 
VSPt€ 



D3 A3 
D4 

D5 SEL0 



PI ^D6 SELl 



D7 



PIN16 
PJN15 
PIN14 
PIN13 

PIN12 
PIN11 



P!N?1 fPINlO 



And this is the appearance of the symbol when it is inserted into a drawing: 
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For further information, look at the script files (.SCR) on the master 
diskettes that are provided with the system. 



6 - 10 



Chapter 7 
ROUTER AND LAYOUT PARTS 



Parts for the Layout and Router phases can be created in much the same way as the 
SCHEMA symbols. The differences in the procedures are minor. Where the purpose 
of the SCHEMA symbol as to produce a symbol outline, the purpose of the LAYOUT 
and ROUTER part drawing is to produce a silk screen outline of a physical part 
and a pad master drawing. 

DRAWING THE PART 

Since there are two drawings to be included with these drawings, two AutoCAD 
layers will be used to keep the drawings aligned, yet separated. 

As we did with the schematic symbol, plan the part drawing before attempting to 
create the actual drawing itself. 

For purposes of illustration, the following script files will generate the layout 
and router drawing for a 24 pin "skinny" DIP. The outline and pad master 
portions of the drawing will be very similar for both uses. The attributes that 
are used for each, however, are quite different. 

First, set up the AutoCAD environment. 



1 <— generate a new drawing 

x < — dummy name 

limits -2,-4 2,2 < — set some limits 

zoom a <-- look at it 

layer new pads, silk <— create PAD and SILK layers 

<-- required blank line 
layer set pads <-- make PADS as the current layer 

< — required blank line 
circle 0,0 0.025 <-- create a "check plot" round pad 
attdef i c 

<-- required blank line 

holes ize 0.03 
0,0 0.01 

block rnd_pad 0,0 w -1,-1 1,1 

<— required blank line 
line -0.025,0.025 <-- create a "check plot" square pad 
0.025,0.025 
0.025,-0.025 
-0.025,-0.025 
-0.025,0.025 

<-- required blank line 

attdef 

<— required blank line 

holes ize 0.03 
0,0 0.01 

block sqr_pad 0,0 w -1,-1 1,1 

<— required blank line 

The definition of the RND_PAD and SQR_PAD are only necessary for the ROUTER 
drawings. They are defined in this manner so that the blocks can be substituted 
for "final" drawing pads when the drawing is completed. Using filled pads could 
slow down the operation of AutoCAD when drawings are redrawn. Circles are used in 
the LAYOUT drawing. 



First, write the script file that defines the pad master layer. The PADS layer 
is currently the active layer. If it were not, the LAYER SET command could be 
used to activate it. 
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layer set pads 



insert rnd_pad 0,0 110 <— get a pad at the base (0,0) 
array 1 r 12 2 -0.1 0.3 <— draw 24 pads 100 mils apart 
erase w -0.04,-0.04 0.04,0.04 <-- erase pad #1 

insert sqr_pad 0,0 1 1 <-- replace with a square pad 

This sequence will draw 24 pins in the configuration of a slim (300 mil spacing) 
DIP. The round pad at pin 1 was erased and replaced with a square pin. 



The same sequence for the LAYOUT part would be: 

circle 0,0 0.025 <— simple circle for pad 

array 1 r 12 2 0.1 0.3 <-- draw 24 of them 

Now it is time to activate the SILK layer and draw the outline of the part. This 
layer will be left activated when the attributes are defined so that the text 
from the attributes will appear in the SILK layer. 

layer set silk 

arc 0.180,0.030 e 0.120,0.030 a -180 

line 0.120,0.030 

0.030,0.030 

0.030,-1.130 

0.270,-1.130 

0.270,0.030 

0.180,0.030 



The outline of the 
looks like this: 



part is completed. So far, 



but without color, the drawing 
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LAYOUT ROUTER 

The portion of the script file that separates the LAYOUT from the ROUTER drawing 
is the attribute section. The LAYOUT drawing must convey information to the 
LAYOUT program. The ROUTER attributes are a simple method of labelling the parts 
as they are drawn to the screen. AutoCAD takes care of rotations and placement of 
the text. Without attributes, it would be a complicated software feat to get the 
co-ordinates calculated and the text placed. 



LAYOUT ATTRIBUTES 

The following sequence of attributes should be following carefully. Invisible and 
Constant values are not as negotiable as they are in the SCHEMA library of 
symbols. The following are the names of the attributes in the LAYOUT system. 
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PREFIX 

WIDTH 

SIDE 

TYPE 

PART 

PREFIX: This attribute is a signal as to how the part should be handled. The 
value that is assigned to this attribute is the same as the netlist designator 
that following the "-" (parts definition). 

A Array 

B Bus 

C Edge Connector 

D DB2S or DB9 

t F Feedthru or Testpoint 

H Header 

P Part 

The PREFIX attribute carries with it the "«" needed by the netlist. 

- WIDTH: At the current time, this attribute is only used by the BUS feature. It 
designates the width of the bus being defined. 

SIDE: At this time, this attribute is only used by the BUS feature. It designates 
the side of the board that the bus is to be drawn. In future releases, this 
attribute will show the side of the board that holds surface mounted devices. 

TYPE: This attribute designates the device type of a part. The value of the part 
entered in the LAYOUT program will be displayed on the silk screen layer of the 
routed artwork. The device type designator specified in the schematic drawing 
will override this value. 

PART: This attribute is the identifying name of the part. It MUST agree with the 
name of the part in the schematic diagram for successful routing. This name will 
be written to the silk screen of the routed board. 
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Name of Part : < — prompt to user 

< — required blank line 
c 0.15,0.06 0.06 <— place and size of text 
wblock slim24 < — save the block on disk 

<-- required blank line 
0,0 w -0.4,-3.5 1.5,1 < — insert base and write window 

<-- required blank line 
redraw <— refresh screen 

The remaining task (for convenience sake) is to add your new part to the LAYOUT 
menu. There is some area at the end of the menu dedicated to custom parts. 
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Chapter 8 
THE DATABASE FILES 

This chapter continues the process of creating new symbols and parts for The 
Auto-Board System. Unlike the complexities of dealing with different attributes 
for the various phases of the program, creating the database files is the same 
for SCHEMA and ROUTER. 

The processes involved in this chapter can be used to build new database files or 
merely update the files that already exist on the system. In the case of the 
ROUTER database (NETLIB), your only choice is to alter and update the database. 
For SCHEMA, you may add symbols to existing libraries or create a special one for 
your own parts. 

The Database Record 

Each drawing in the symbol library contains several attributes. One of those 
attributes is the LIBRARY attribute. It is the name of the database file that 
contains the database record that corresponds with the drawing. These is also an 
attribute named KEYWORD. This attribute is a unique name of part in the database. 
When the database is accessed with this KEYWORD name, a database record is read. 
The record contains positioning information. 

Likewise, in the ROUTER package, there is a database with positioning 
information. There is no LIBRARY attribute because there is only one database, 
NETLIB. There are no KEYWORD attributes because the part identification in the 
netlist (i.e., IC16, RES 18 or T05) is the keyword into the database. 
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To add a part to either database, it is necessary to create a database record for 
that part. This is not a difficult task. 

There are three sections to the database record. 

Symbol/Part Name 

The first line of the record is the name of the part. This name corresponds to 
the KEYWORD attribute in the SCHEMA symbol drawing or the part designator in the 
netlist. This name should be 1 to 8 characters since it is also the filename of 
the drawing that will be inserted (in the case of the ROUTER). 

Pin Count 

The second line of the record is the number of active leads/pins that are on the 
drawing or symbol. This number will correspond (and is somewhat redundant) to the 
PINS attribute in the SCHEMA symbol. 

Pin Offsets 

The remaining fields in the record are the individual X and Y offsets of the 
various leads/pins on the part. Each line MUST contain: 

The number of the pin 
The X offset in mils 
The Y offset in mils 
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To build the database entry for the 24 pin "skinny dip" for the ROUTER database, 
the record would look like this: 



SLIM24 






24 






1 








2 





-100 


3 





-200 


4 





-300 


5 





-400 


6 





-500 


7 





-600 


8 





-700 


9 





-800 


10 





-900 


11 





-1000 


12 





-1100 


13 


300 


-1100 


14 


300 


-1000 


15 


300 


-900 


16 


300 


-800 


17 


300 


-700 


18 


300 


-600 


19 


300 


-500 


20 


300 


-400 


21 


300 


-300 


22 


300 


-200 


23 


300 


-100 


24 


300 






If this part is to go into the ROUTER database, it would have to be entered into 
the file called NETLIB.LIB. The ".LIB" suffix is the suffix understood by the 
database software as the source code of the parts descriptions. 

For a schematic symbol, the coordinates would mark the end of the leads on the 
drawing. This would be the point that a connecting line would end to show that it 
is attached to the part. 

For a new database file for the SCHEMA package, the database record description 
would be placed in a file with the suffix of .LIB (such as "MYPARTS.LIB"). You 
can place several descriptions in each file. Look at GENERIC.LIB and NETLIB.LIB 
for more examples. 



Build or Update the Database 



Building or updating the database files is done in the same way. For an update, 
the files are cleared and the database is literally re-built with the changes. It 
is not a good idea, however, to erase the database files yourself when doing an 
update. 

The BILDLIB program is used to construct the database files. It is started with 
the following command line: 

obildlib name -of -database 

For example, 

obildlib cmos 

The BILDLIB program will create (if they do not exist) two files with the name of 
the database. The suffixes of these files will be ".IDX" and \DTA". For the 
database called "MYPARTS", the files would be: 

MYPARTS.IDX 
MYPARTS.DTA 

***** CAUTION ***** 

There seems to be a problem with either the BILDLIB program or the runtime 
library, but if you let this program CREATE these files for the first time, very 
little happens. The program sets them up as READ-ONLY and no data gets written. 
So 

Change the status of the directory to turn off the READ-ONLY: 

oATTRIB -r MYPARTSJDX 
oATTRIB -r MYPARTS.DTA 

The ATTRIB program is on the PC-DOS/MS-DOS »»> 3.0 ««< disk. Then run the 
BILDLIB program again. 



If are not using DOS3.0 (or later), you will not have the ATTRIB program at your 
disposal. All is not lost. Create the .IDX and .DTA files BEFORE running BILDLIB 
for the first time. There are two ways the you could do this: 

1. Copy GENERIC.IDX and GENERIC.DTA to your files. 

ocopy generic adx myparts.idx 
ocopy generic.dta myparts.dta 

2. Use EDLIN or any other editor to create the file with a couple of blank lines 
in it. 



If you update the database, you will not have to do all of this again. 

The BILDLIB program will write a little message with the name of your file and a 
number. Edit the SOrTV.TCT.DIR and add the information that was on the line. 

MYPARTS 121 

When BILDLIB is used to update the NETLIB database, the file to update with the 
new number is NETLTP.RT. 



) 



Appendix A 



THE NETLIST LANGUAGE 

This appendix covers the structure and use of the netlist language. 

The netlist is the method of defining the circuit that controls the routing 
processes. Although the function of the SCHEMA and LAYOUT modules is to produce 
the necessary files to run the router, it is good to understand the structure of 
the netlist files. For a first reason, if you do not use the SCHEMA and LAYOUT 
software, you will have to produce the netlists within a text editor and that 
will force you into knowing the language. Second, it may be easier at times to 
modify the netlist instead of running all of the SCHEMA and LAYOUT programs to 
produce a small change. You would, of course, change the schematic diagrams and 
layout drawings to reflect any changes that you would make. 

The netlist language has a very simple format. There are eight commands. The 
primary means of generating the netlist is through the schematic capture and 
layout packages in The Auto-Board System. Since the netlist is in ASCII 
characters, it is available for editing and adjustments. As an overview, the 
commands in the netlist language are: 

o Part Definition ("-") This command defines a component by assigning a device 
type (DIP, connector, resistor, bus, etc.) to a symbolic name. 

o Package Placement C@") This command defines the location and orientation of 
the component on the pcb. 

o Signal Name ("!") This command names the current signal that is being 
assigned to the various component pins and leads. 
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o Signal Connection ("•"V This command assigns the current signal to a 
specific component pin or lead. 

o Device Type ("#") This command labels a component with a device 
specification or value. 

o Include File ("+") This command allows another file of netlist commands to 
be included in the current stream of commands. This command is useful for 
combining several netlist files into a final design. 

o Comment ("-") The contents of the comment line are ignored by the netlist 
processor which allows you to document the contents of the netlist file. 

o End of List (".") This command officially closes the processing of the 
netlist program. 

CONSTRUCTION OF THE LIST 

The entire file can be set up in a free-form fashion with several commands on a 
line permitted. Or you may spread a command over several lines. This may be 
helpful when defining the edges of the board. 

In all of the following commands, several fields in the command structure may be 
designated by a single letter. However, the netlist processor will accept words. 
Only the first letter of the word will be used. This makes reading the list 
much easier for the human and no big deal for the processor. 



Part Definition 



By far the most powerful command in the netlist language is the part definition 
command, designated by the equals sign ("-"). This command defines every 
component (and then some) that will be used on the board. Since each component 
type is defined slightly differently, each will be described separately. The 
general form of the Part Definition command is: 

- <part__type> <parameter> [parameter] ... 

The part types and their specific command lines are: 

Circuit Component 

This form is used to define most physical packages on the board. The notable 
exceptions are edge connectors, headers and ic arrays. The form of this command 

is: 

- P <component symbol> <component definition 

For example, 

- declare resistor rl to be a 1/4 watt resistor 

- notice how the command "P" has been expanded to "Package" 

- Package Rl res 14 

- declare ic Ul to have 16 pins 

- P Ul IC16 



t 
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The following parts are available with the database provided with the system. 
Expansion of the database is be explained in Chapter 7. 



IC8 

IC20 

IC40 



IC14 
IC22 
IC64 



IC16 
IC24 



IC18 
IC28 



FEED4Q FEED50 

CAP100 CAP200 CAP250 CAP300 

CAP500 CAP600 CAP800 CAP1000 

CAP1500 CAP2000 CAP2200 CAP2500 



TO5 T08 TO18 

T098 TO202S TO202T 

TO220S TO220T T092 



TO218 
TQ226 



DIODE 



RES18 
RES2 



RES14 



RES 12 



RES1 



SIP4 
SIP10 



SIP6 
SIP11 



SIP7 



SIP8 



DB9P 



DB9S 



DB25S DB25P 
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IC Array 



This form is used to define an array of integrated circuits as might be used in 
a memory configuration. This declaration defines the type of package being used, 
the number of units and their spacing. Spacing is in mils. 

Orientation and location are handled by the "@" command. 

Array names MUST be prefixed by the letter "A". The form of the command is: 

- A <array symbob- <component definition> <unit count> <spacing> 

For example, 

- declare array Al to be an 8 unit array of 16 pin ics 

- Array Al IC16 8 150 

- declare array A2 to be a 16 unit array of 24 pin ics 

- A A2 IC24 16 200 

Edge Connector 

This form of the command defines the characteristics of an edge connector. 
Location and orientation of the connector is not a concern at this time. This 
command is used to define the number of pins and the pin spacing of the 
connector. The number of pins defined in this command is the total number of 
fingers used in the connector. An S-100 connector will have 100 pins. 



The spacing of the pins must be one of the following (all values are in mils): 



100 
125 
156 

The form of the command is: 

■ C <connector symbol> <n umber of pins> 

For example, 

- define connector PI 2 to be an S-100 connector 

- C P12 100 100 



Header Connector 

This form of the part definition command is to define a header. The necessary 
pieces of information needed at this time are the number of total pins in the 
header and the number of rows in which the pins will be put. Pin and row spacing 
in all headers is 100 mils. 

The form of the command is: 

- H <connector symbob- <number of pins> <n umber of rows (1 or 2)> 

For example, 

- define header P2 to be a 40 pin header in two rows 

- Header P2 40 2 

- define header P3 to be a 2 pin jumper 

- H P3 2 1 



Board Edge 



This form of the definition command allows you to define the size and shape of 
the pcb. The definition is a series of adjacent corner coordinates of the board 
in X Y format measured in mils. Closure is required. The form of the command 

is: 

- E <X> <Y> {<X> <Y>} 

For example, 

- define a tiny board 

- E 1500 2000 1500 2000 

Masked Area 

This form of the command allows you to define an area on the surface of the pcb 
which is to be masked from routing process. This area can be used to define 
mounting hole space, "robbers" or heatsink areas. The area is not blanked out, 
but a barrier is placed around the area. There is nothing to prevent you from 
placing components inside of the area, as long as they don't share a signal with 
components outside of the area. They will route within their own little world. 
The definition is a series of adjacent corner coordinates. This sequence of 
numbers is prefixed by the designation of which side of the board the area 
should reside. The "sidedness" is declared as: 

C - Component side 
S - Solder side 
B - Both sides 
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The form of the command is: 



- S <side> <X> <Y> {<X> <Y>) 



For example, 

- Space for a mounting hole in each of the corners of the board 

- S B 300 300 300 300 

- S B 1500 1200 300 1200 300 1500 1500 

-SB 2000 1500 2000 1200 1700 1200 1700 1500 2000 1500 
-SB 2000 2000 300 1700 300 1700 2000 

Bus Definition 

Signal buses may be defined through the use of this form of the part definition 
command. This command allows the definition of a bus which is a single trace on 
the pc board. However, the bus defined here can be a segment of a bus system by 
defining several buses of the same signal name with intersecting endpoints (or 
midpoints). The fields in bus definition are: 



Signal Name 
Board Side 
Trace Width 
X coordinate 



of first endpoint 
of first endpoint 
of second endpoint 
of second endpoint 



Y coordinate 



X coordinate 



Y coordinate 



The form of this command is: 



- B oignal 



<board side> <trace width> <xl> <yl> <x2> <y2> 
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The "signal name" may be any signal that is used on the board. The following are 
predefined for the netlist processor 

GND 

vcc 

VDD 

VSS 

The "board side" determines the side of the pcb that the bus will be etched. The 
choices are: 

C - Component Side 
S - Solder Side 
B - Both Sides 

In the router program, the traces of the solder side run horizontally (parallel 
to the X axis) and the component side traces run vertically (parallel to the Y 
axis). To keep from running buses that would trap the router, plan your bus 
commands accordingly. The "trace width" is the width of the bus trace in mils. 
The X and Y coordinates specify the starting and ending points of the bus. For 
example, the following command build some simple GND buses along the edge of a 
board. 

- B GND S 40 30 30 30 2000 

- B GND S 40 30 30 2000 30 

- define data bus on vertical axis 

- B DATA01 C 15 1200 300 1200 1400 



Package Placement 



This command defines the location and orientation of the component on the pcb. 
The parameters to this command include the X and Y coordinates of the device (in 
mils) and the device orientation. The orientation of the device is the 
rotation of the device with respect to the #1 pin or lead of the device. The 
following values are accepted by the placement comman± 

U (up) - Pin 1 is towards the top of the board 
D (down) - Pin 1 is towards the bottom of the board 
L (left) - Pin 1 is towards the left edge of the board 
R (right) - Pin 1 is towards the right edge of the board 

Anticipating the development of a routing algorithm that is fully aware of 
surface mounted devices, there is another parameter which denotes the side of 
the board on which the device is mounted. This parameter may have one of the 
following values: 

C - Component side 
S m Solder side 
B - Both sides (standard) 

The -use of the "B" parameter is recommended until the surface mounted device 
version of The Auto-Router is delivered. The form of this command is: 

@ <component symbob- <X coord> <Y coord> <Orientation> <Side> 



■t 
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For example, 

- place IC Ul at 1200,400 in a regular way 
@ Ul 1200 400 Up Both 

- place edge connector PI 2 on the left edge of the board 

- pin 1 will be towards the top (edge connectors get weird) 
@ P12 8000 Up Both 

Signal Name 

This command names the current signal that is being assigned to the various 
component pins and le?.ds. The form of this command is: 

! signal name 

For example, 

! DATA001 
! DATA00F 
! ADDR001 

Pin assignments would appear between the signal name declarations since there 
can only be ONE current signal name. 

In the case of simple and unnamed connections, it is unnecessary to invent 
nonsense names to till me needs of this command. The netlist processor will 
provide signal names (in the form of a dollar sign and a number "$12") when the 
signal name is a question mark ("?"). 

For example, 

! ? 
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Signal Connection 



This command assigns the current signal to a specific component pin or lead. The 
netlist structure allows you to specify both the ganged pins of an array of 
integrated circuits and identity of pins that receive or generate independent 
signals. To specify a signal that is to be common to all packages in the array, 
simply name the array and the pin (i.e., A 9 12 for pin 12 of array 9). To 
specify an independent signal and pin, name the particular package and the 
independent pin. (i.e., A3-4 6 is for pin 6 of the fourth package of array 3). 

The command is initiated with an asterisk ("*"). The asterisk is followed by a 
single assignment or a list of assignments. They do not have to be on the same 
line. The first argument in the assignment is the package identifier (used in 
the part definition command). The second argument is the pin to which the 
current signal is to be connected. The form of this command is: 

* <component symbol> <pin number> 

For example: 

! GND 
* Ul 8 U2 8 U3 8 U4 8 

will connect pin #8 of devices Ul through U4 to ground (GND). 



Device Type 

This command labels a component with a device specification or value. In its 
present state, this command is used to document the specific name of part being 
used. 



i 

i 
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The form of this command is: 

# <component symbol> <device specification 
With this command, you can specify resistance values to resistors 

# Rl 270K 
or device types to integrated circuits. 

# Ul 8086 

Include File 

This command allows you to combine several files in the definition of a pcb 
layout. Although several interesting uses for this command can be found, its 
main purpose is to support the formation of a library of standard declarations. 
In this way, common parts may be inserted into a design as required without 
having to reenter the specifics of the part for every project. This command is 
entered in this fashion: 

+ file_name 

The file is assumed to have the filetype of ".NET" and will be added by the 
netlist processor. You may have as many of these commands in a file as you 
wish. There is no limit. However, once a file inclusion command has been issued, 
a new level of file handling has been entered. When the process of reading the 
file has concluded, that level is left. Up to 10 levels of depth (number of 
netlist files initiating other netlist files) can be safely used. It is risky 
(and confusing) past that number. The example at the end of the chapter 
illustrates the use of this command. 
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Comment 

The contents of the comment line are ignored by the netlist processor which 
allows you to document the contents of the netlist file. The form of the command 
is: 

- explanatory text 

Several examples have been shown in the commands above. 

End of List 

This command officially closes the processing of the netlist processor. The form 
of the command is: 



Having a single input file which, although not containing any netlist definition 
commands, includes several netlist files which define the board would perform 
the same function. However, you would lose one level of file inclusion in the 
bargain. But, this shouldn't hamper the average board definition. The calling 
sequence of the NetList program is : 

net board_name netlist_filename {netlist_filename...} 

All netlist files are assumed to have the filetype (file extension) of "NET. 
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SAMPLE NETLIST 



A typical set of netlists might look like these (these are 
nonsense lists): - This is "NETLIST.NET" 



- Package Ul IC16 

# Ul 1234 

- Package U2 IC16 

# U2 9876 

- Package U3 IC16 

# U3 1928 

§ Ul 1000 2000 Up Both 
§ U2 1800 2000 Up Both 
§ U3 2600 2000 Up Both 
1 ? 

- This will be signal $1 

# Ul 2 U2 4 U3 6 

! ? 

- This will be signal $2 

# Ul 4 U2 12 U3 7 
1 ? 

- This will be signal $3 

# Ul 6 U2 14 U3 1 

+ netlist2 — this initiates level 1 

- This is "NETLIST1.NET" 

- Package U4 IC16 

# U4 1234 

■ Package U5 IC16 

# U5 9876 

» Package U6 IC16 

# U6 1928 

@ U4 3000 6000 Up Both 

@ U5 3800 6000 Up Both 

§ U6 4600 6000 Up Both 
1 ? 

# U4 2 U5 4 U6 6 
1 ? 

# U4 4 U5 12 U6 7 

! ? 

# U4 6 U5 14 U6 1 

- This is "NETLIST2.NET" 

- This file is at one level of depth 

- The following components are surface mounts 

- Package U7 IC16S 

# U7 1234 

« Package U8 IC16S 

# U8 9876 

= Package U9 IC16S 
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# U9 


1928 




§ U7 




4000 Up Solder 


% U8 


1800 


4000 Up Component 


§ U9 


2600 


4000 Up Solder 


1 $1 




* U7 


2 U8 


4 U9 6 


! $2 






* U7 


4 ue 


12 U9 7 


1 $3 






* U7 


6 U8 


14 U9 1 



To process this set of netlists, the NetList program would be called in the 
following manner 

net board netlist netlistl 
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Appendix B 



INTERMEDIATE PROGRAMS 

ARRAY 

The ARRAY program is activated by the presence of an array definition file 
(filetype of .ARR) when the batch stream is used to run The Auto-Router. 
This program is responsible for the organization of signals, traces and pin- 
outs of arrays of ICs as declared in the layout program. The array program 
provides the wavy/zig-zag trace pattern for ganging several packages together 
for memory arrays, etc. 

EDGECON 

The EDGECON program is activated by the presence of an edge connector definition 
file (.CON) when the batch stream is used to run The Auto-Router. This edge 
connector program is responsible for the organization of signals, pad 
placement and finger definition of edge connectors declared in the netlist. 
The edge connector program provides the AutoCAD commands in the SCRIPT file for 
the edge connector fingers and leads from the active routing area to those 
fingers. To keep the router from intruding into this defined area, an area mask 
is passed to the router to protect the predefined zone. This program writes to 
the SCRIPT file, EDGE file, GROUP file and the PAD file. 
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HEADER 



The HEADER program is activated by the presence of a header definition 
file (.HDR) when the batch stream is used to run The Auto-Router. This header 
program is responsible for the organization of signals and pad placement of 
headers declared in netlist. This program writes to the GROUP file and the PAD 
file. INSERT commands for FEEDTHRUs are written to the SCRIPT file, defining 
the layout of the header on the pcb drawing. 



BUS 

The BUS program is activated in the batch stream when a .BUS file exists for the 
current board. The BUS program is responsible for deciding where on a bus trace 
that a trace from a component should connect. Although not always the best 
decision is made here, the shortest distance between bus and pin is calculated 
and that is the point of connection. Use AutoCAD to correct small deformities 
caused by this simple approach. However, the shortest distance (a straight 
line usually) insures an early routing of that trace. 

SIGSORT 

One of the major headaches of getting the routing system to function correctly 
was getting the SORT program from the MS-DOS disk to be properly called and 
executed. There was nothing wrong with the SORT program, but several people had 
difficulty with the PATH command. To aid in this problem, we've replaced the 
need for the SORT program with SIGSORT. 

SIGSORT is capable of sorting approximately 2500 pin call-outs. If the capacity 
of SIGSORT is not enough for your needs, you can still use the SORT.EXE from the 
DOS disk. Its calling sequence is: 

osort <%l.grp >%l.pin 
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GROUP 



The GROUP program is responsible for gathering all of the signals of the same 
name (token number by this time) and calculates a reasonable connection scheme 
(who's connected to whom). This gathering is accomplished in a big way by the 
SIGSORT program that precedes in the batch stream. The GROUP program looks at 
each component first, connecting pins of the same signal. It then connects the 
packages together, neighbor to neighbor, closest pin to closest pin. The output 
from this program is a list of the pin locations on the board that will be 
connected by the router. 



SCREEN 

The output from the the GROUP program is in signal order, which may not be the 
most optimum order for routing. The responsibility of the SCREEN program is to 
look at ALL connections (It can handle 5000+ assignments.) at once and pick the 
order in which they should be routed. This is where the traces with no delta-x 
and no delta-y are allowed to be routed first. This program is rather simple. As 
it turns out, it doesn't require a lot of ordering to get good routing results. 
So I haven't spent a great deal of time making exhaustive tests for good 
routing. If the need arises, this program could be modified to up the connect 
rate a couple of percent. But what is the trade-off ...a lot of computing for a 
couple of more connects. 

You might want to see what the advantage of other ordering schemes might be. The 
output of the GROUP program is in the form required by the router software. To 
route in signal group order, copy the output of the GROUP program into the file 
that would normally be written by SCREEN. The batch file line would look like 
this: 

ocopy %l.trc %l.def 



J 
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Appendix C 



SCHEMATIC LIBRARY SYMBOLS 



The following chart of symbols lists the current symbols in the SCHEMA library. 
Several of the symbols have several drawings with rotation and mirroring so that 
the symbol can be inserted at different angles, yet keeping the lettering on the 
document correct. These various forms of the drawings are selected from the 
menu. 



Rotation 



Mirrored Rotation 



Part 



90 



180 



270 







90 



180 



270 



Tri-State Buffer 
Tri-State Inverter 

2 Input AND 

3 Input AND 

2 Input NAND 

3 Input NAND 

4 Input NAND 
8 Input NAND 

2 Input OR 

3 Input OR 

2 Input NOR 

3 Input NOR 
2 Input XOR 
Buffer 
Inverter 



x 
x 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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Rotation 



Mirrored Rotation 



Part 90 180 270 90 180 270 



LED XX X 

Zener x x x 

Potentiometer x x x 

Resistor x 

Crystal x 

Capacitor x 

Diode xxx 

Block Connector 

Top x 

Middle x 

Bottom x 

Female Connector x x x 

Male Connector x x x 

NPN Transistor x x x x x x x 

PNP Transistor x x x x x x x 

FET Transistor x x x 

MOSFET Transistor x x x 

UniJunc Transistor x x x 

"Ball" Terminal x x x 

"Off Sheet" Terminal x x x 
Ground 

8 Pin IC 
14 Pin IC 
16 Pin IC 
18 Pin IC 
20 Pin IC 
22 Pin IC 
24 Pin IC 
28 Pin IC 
40 Pin IC 
64 Pin IC 
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Rotation Mirrored Rotation 

Part 90 180 270 90 180 270 

Power/Ground 
Regulator 

Switches 
DPDT 
DPST 
SPDT 
SPST 

DIP Switch 
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The following TTL part* are the current members of the partial TTL library for 
SCHEMA. This library will be expanded in the near future. 



74LS00 

74LS01 

74LS02 

74LS04 

74LS08 

74LS10 

74LS11 

74LS13 

74LS14 

74LS20 

74LS21 

74LS27 

74LS28 

74LS30 

74LS32 

74LS73 

74LS74 

74LS75 

74LS76 

74LS77 

74LS78 

74LS85 

74LS86 

74LS90 

74LS91 

74LS92 

74LS93 

74LS121 

74LS122 

74LS123 

74LS124 

74LS125 

74LS126 

74LS138 

74LS139 

74LS150 

74LS151 

74LS152 

74LS153 

74LS154 

74LS160 

74LS161 

74LS162 

74LS163 

74LS168 

74LS169 

74LS173 

74LS174 

74LS175 

74LS176 



< 



74LS177 
74LS184 
74LS185 
74LS190 
74LS191 
74LS192 
74LS193 



Appendix D 
ROUTER and LAYOUT LIBRARIES 



The following parts are standard parts in the LAYOUT and ROUTER libraries. 



CAP100 Capacitors are classified by lead spacing 

CAP1000 

CAP1500 

CAP200 

CAP2000 

CAP2200 

CAP250 

CAP2500 

CAP300 

CAP500 

CAP600 

CAP800 

DB25P 
DB25S 
-DB9P 
DB9S 

DIODE 

FEED40 
FEED50 

IC14 
IC16 
IC18 
IC20 
IC22 
IC24 
IC28 
IC40 
IC64 
IC8 



RE SI 
RES 12 
RES14 
RES18 
RES 2 

SIP10 

SIP11 

SIP4 

SIP6 

SIP7 

SIP8 

T05 

T08 

T018 

T039 

T092 

T098 

TO202S 

TO202T 

T0218 

TO220S 

TO220T 

T0226 



Resistors are rated by wattage 
This also determines lead spacing 



Transistors are classified by can type 
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SOFTWARE TROUBLE REPORT 



Name: 

Date: 

Company : 
Address : 



Telephone : 

Do you want to discuss this? 

Product : 

Serial Number: 

Version: 

Description of the Problem (describe your equipment (RAM size) 
configuration, program messages seen and what the input data 
looked like) . How would you rate this problem? (serious? 
inconvenient? needed feature in the future?) 



Enclose supporting documentation, listings, diskette of files 
that will demonstrate the nature of the problem. Please "play" 
with the problen to reduce your documentation to the conditions 
that actually cause the error to occur all of the time. It isn't 
much fun to have us tell you that we couldn't duplicate the. 
problem. We believe that you have found a problem, but we have to 
see it to fix it. 

Mail to: 

Software Trouble Report 

The Great SoftWestern Company, Inc. 

207 W. Hickory St. #309 

Denton, TX 76201 



o 




